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PURPOSE: To reduce position signal error and moreover 
facilitate the detection of the position signal error by 
executing determination of position with a periodical 
synchronous feature in the servo pattern detected by 
servo decoder. 

CONSTITUTION: A magnetic flux transitional servo 
pattern is detected by a servo read head 26 and this 
head 26 generates an analog servo read head signal to 
be supplied to a signal decoder 36 via a signal line 34. 
The decoder 36 processes the servo read head signal to 
generate a positional signal supplied to a servo controller 
40 via the signal line 38. The controller 40 generates a 
servo mechanism control signal then supplies this signal 
to a head assembly 24 via the control line 24. The servo 
mechanism of the assembly 24 moves, responsive to the 
control signal from the controller 40, the head 26 in the 
moving direction exceeding the width of the servo track 
30. The controller 40 monitors the positional signal from 
the decoder 36 to generate the control signal reaching 

the desired position. Such signal is equal to the signal appearing when the head has reached the 
desired position. 
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Timing based servo system for magnetic tape systems 

Abstract 

A track following servo system is disclosed for use with magnetic tape systems in which 
magnetic servo track patterns contain transitions recorded at more than one azimuthal 
orientation across the width of the servo track. The timing of a signal derived from reading at 
any point across the width of such a pattern varies continuously as the read head is moved 
across the servo track. The pattern is read by a servo read head whose width is small compared 
to the servo track pattern. The combination of a wide servo pattern and a narrow servo read 
head offers excellent position sensing linearity and dynamic range. In the preferred embodiment, 
the servo read head is also narrow with respect to the data tracks, which provides the additional 
advantages of superior immunity to position sensing errors caused by defects or temporal 
variations in the servo read head, defects in the servo pattern on the tape, wear of the head or 
tape, or debris collection on the head or tape. Position sensing with this system is achieved by 
deriving a ratio of two servo pattern intervals and therefore is insensitive to tape speed during 
reading. The servo patterns may include spacing intervals recognizable for error detection and 
correction purposes. Servo tracks are recorded using a patterned multiple gap servo write head 
whose magnetic gaps have geometries appropriate to generate the desired servo patterns. The 
patterned gaps of the servo write head are produced by photolithographically defined 
electroplating of permalloy on a ferrite ring head structure. 
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Claims 



We claim: 

1 . A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 

a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the magnetic head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 



http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PT02&Sect2=HITOFF&p=1&u=.. 2004/02/25 



.United States Patent: 5,689,384 



3/33 ^— v 



azimuthal orientation is not parallel to the second azimuthal orientation, and the servo decoder 
includes means for determining time intervals between a plurality of predetermined pairs of 
transitions in the servo pattern and generating a substantially speed invariant position signal that 
is a function of the time intervals. 

2. A servo control system as defined in claim 1, wherein the signal decoder detects signals from 
the read head corresponding to magnetic flux transitions having a first flux polarity and ignores 
magnetic flux transitions having a second flux polarity. 

3. A servo control system as defined in claim 1, wherein the signal decoder decodes a read head 
signal produced from a servo pattern in which the stripes are arranged in groups having a 
plurality of sequential stripes at the first orientation followed by a plurality of sequential stripes 
at the second orientation and in which the groups are separated by synchronization features. 

4. A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 

a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the magnetic head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation, and the servo decoder 
includes means for determining time intervals between a plurality of predetermined pairs of 
transitions in the servo pattern and generating a substantially speed invariant position signal that 
is a function of the time intervals; 

wherein the servo decoder generates a position signal value in accordance with the ratio of the 
read head signal time interval from a stripe of the first azimuthal orientation to a stripe of the 
second azimuthal orientation and the interval between two stripes of the same orientation. 

5. A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 
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a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the servo read head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation, such that the servo 
decoder means for decoding decodes a read head signal representative of a pattern in which the 
stripes are arranged in groups containing a plurality of sequential stripes at the first azimuthal 
orientation followed by a plurality of sequential stripes at the second azimuthal orientation. 

6. A servo control system as defined in claim 5, wherein the servo decoder means for decoding 
decodes a read head signal produced from a servo pattern having stripes that are arranged in 
groups having a plurality of sequential stripes at a first orientation followed by a plurality of 
sequential stripes at a second orientation and that are separated by synchronization features 
detectable by the servo decoder. 

7. A servo control system as defined in claim 6, wherein the synchronization features of the 
servo pattern contain information other than servo control information. 

8. A servo control system as defined in claim 6, wherein the synchronization features of the 
servo pattern comprise transition-free spaces that are free of transitions of at least one polarity 
and whose minimum length in the transducing direction exceeds the maximum length in the 
transducing direction between consecutive transitions of that polarity within a group of stripes of 
the same azimuthal orientation. 

9. A servo control system as defined in claim 5, wherein one or more pluralities of adjacent servo 
tracks on the storage medium form one or more servo track bands. 

10. A servo control system as defined in claim 9, wherein adjacent servo tracks within a band are 
symmetric about a longitudinal centerline axis of the band. 

1 1 . A servo control system as defined in claim 5, wherein the signal decoder means for decoding 
detects signals from the servo read head corresponding to magnetic flux transitions having a 
first flux polarity and ignores magnetic flux transitions having a second flux polarity. 

12. A servo control system as defined in claim 5, wherein the storage medium comprises a tape 
substrate having a magnetic layer in which the servo pattern is recorded. 

1 3. A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 
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a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the servo read head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation, such that the servo 
decoder means for decoding decodes a read head signal representative of a pattern in which the 
stripes are arranged in groups containing a plurality of sequential stripes at the first azimuthal 
orientation followed by a plurality of sequential stripes at the second azimuthal orientation; 

wherein the servo decoder means for decoding decodes a read head signal produced from a 
servo pattern having stripes that are arranged in groups having a plurality of sequential stripes at 
a first orientation followed by a plurality of sequential stripes at a second orientation and that 
are separated by synchronization features detectable by the servo decoder; 

wherein the synchronization features of the servo pattern comprise transition-free spaces that 
are free of transitions of at least one polarity and whose minimum length in the transducing 
direction exceeds the maximum length in the transducing direction between consecutive 
transitions of that polarity within a group of stripes of the same azimuthal orientation; and 

wherein each pattern period of the cyclic sequence of transitions comprises a plurality of groups 
of stripes, each group containing stripes of a single azimuthal orientation and at least one group 
within a period contains a different number of stripes from the number contained within the 
other groups. 

14. A servo control system as defined in claim 13, wherein the servo decoder means for 
decoding identifies individual transition-free spaces within a pattern period by counting the 
number of stripes detected in previous groups of stripes. 

15. A servo control system as defined in claim 13, wherein each pattern period of the cyclic 
sequence of transitions comprises a group of four stripes at a first orientation, followed by a 
group of four stripes at a second orientation, followed by a group of five stripes at the first 
orientation, followed by a group of five stripes at the second orientation, a transition-free space 
occurring after each group. 

1 6. A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 

a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 
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a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the servo read head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation, such that the servo 
decoder means for decoding decodes a read head signal representative of a pattern in which the 
stripes are arranged in groups containing a plurality of sequential stripes at the first azimuthal 
orientation followed by a plurality of sequential stripes at the second azimuthal orientation; 

wherein one or more pluralities of adjacent servo tracks on the storage medium form one or 
more servo track bands; and 

wherein adjacent servo tracks on the storage medium within a band comprise patterns that are 
reflections of one another in a line in the transducing direction, such that all transitions in a 
servo track band are continuous across the width of the band. 

17. A servo control system as defined in claim 16, wherein two tracks on the storage medium 
form a servo band that is symmetric about the center of the band in the transducing direction, 
each track comprising a cyclic sequence whose period is a group of four linear stripes at a first 
orientation, followed by a group of four linear stripes at a second orientation, followed by a group 
of five linear stripes at the first orientation, followed by a group of five linear stripes at the 
second orientation, a transition-free space occurring after each group; and 

the first and second azimuthal orientations comprise supplementary angles that are symmetric 
about the center of the band, such that the band comprises sequential groups of four and five 
chevrons of opposite direction, separated by transition-free spaces. 

18. A servo control system for positioning a magnetic head ac(jacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 

a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the servo read head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation and the stripes are 
arranged in groups containing a plurality of sequential subgroups, each subgroup containing 
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stripes at more than one azimuthal orientation, the groups being separated by synchronization 
features detectable by the servo decoder. 

19. A servo control system as defined in claim 18, wherein the subgroups of stripes of the servo 
pattern comprise pairs of stripes, each pair comprising a stripe at a first azimuthal orientation 
and a stripe at a second azimuthal orientation. 

20. A servo control system as defined in claim 18, wherein the synchronization features of the 
servo pattern comprise transition-free spaces that are free of transitions of at least one polarity 
whose minimum length in the transducing direction exceeds the maximum length in the 
transducing direction between consecutive transitions of that polarity within a group of stripes of 
the same azimuthal orientation. 

21. A servo control system as defined in claim 18, wherein the synchronization features of the 
servo pattern contain information other than servo control information. 

22. A servo control system as defined in claim 18, wherein one or more pluralities of adjacent 
servo tracks on the storage medium form one or more servo track bands. 

23. A servo control system as defined in claim 22, wherein adjacent servo tracks within a band 
are symmetric about a longitudinal centerline axis of the band. 

24. A servo control system as defined in claim 18, wherein the signal decoder means for 
decoding detects signals from the servo read head corresponding to magnetic flux transitions 
having a first flux polarity and ignores magnetic flux transitions having a second flux polarity. 

25. A servo control system as defined in claim 18, wherein the storage medium comprises a tape 
substrate having a magnetic layer in which the servo pattern is recorded. 

26. A servo control system for positioning a magnetic head adjacent a surface of a moving 
magnetic storage medium for reading a servo pattern recorded in at least one track on the 
storage medium surface, the system comprising: 

a head assembly having at least one servo read head for reading the servo pattern on the 
storage medium in a transducing direction and generating a read head signal representative of 
the servo pattern; 

a servo decoder that receives the read head signal and decodes it to generate a position signal 
that indicates the position of the read head relative to the servo pattern; 

a translation assembly that is activated to position the head assembly relative to the storage 
medium; and 

a servo controller that activates the translation assembly in accordance with the position signal; 

the servo decoder including means for decoding a read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the servo read head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation and the stripes are 
arranged in groups containing a plurality of sequential subgroups, each subgroup containing 
stripes at more than one azimuthal orientation, the groups being separated by synchronization 
features detectable by the servo decoder; 
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wherein one or more pluralities of adjacent servo tracks on the storage medium form one or 
more servo track bands; and 

wherein adjacent servo tracks within a band comprise patterns that are reflections of one 
another in a line in the transducing direction, such that all transitions in a servo track band are 
continuous across the width of the band. 

27. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 

drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the servo read head 
relative to the servo pattern, a translation assembly that is activated to position the head 
assembly relative to the storage medium, and a servo controller that activates the translation 
assembly in accordance with the position signal, the servo decoder including means for decoding 
a servo read head signal produced from a servo pattern that comprises a cyclic sequence of 
magnetic flux transitions that extend continuously across the width of the track and define servo 
pattern stripes such that the servo read head signal varies as the magnetic head is moved 
across the width of the track, the stripes including at least a first azimuthal orientation and a 
second azimuthal orientation, such that the first azimuthal orientation is not parallel to the 
second azimuthal orientation and the stripes are arranged in groups containing a plurality of 
sequential stripes at the first azimuthal orientation followed by a plurality of sequential stripes at 
the second azimuthal orientation. 

28. A data storage system as defined in claim 27, wherein the groups of sequential stripes at a 
single orientation are separated from groups of sequential stripes at other orientations by 
synchronization features. 

29. A data storage system as defined in claim 28, wherein the synchronization features comprise 
transition-free spaces that are free of transitions of at least one polarity whose minimum length 
in the transducing direction exceeds the maximum length in the transducing direction between 
consecutive transitions of that polarity within a group of stripes of the same azimuthal 
orientation. 

30. A data storage system as defined in claim 27, wherein one or more pluralities of adjacent 
servo tracks form one or more servo track bands. 

31. A data storage system as defined in claim 30, wherein adjacent servo tracks within a band 
are symmetric about a longitudinal centerline axis of the band. 

32. A data storage system as defined in claim 27, wherein the signal decoder detects signals 
from the servo read head corresponding to magnetic flux transitions having a first flux polarity 
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and ignores magnetic flux transitions having a second flux polarity. 

33. A data storage system as defined in claim 27, wherein the system further includes means for 
writing the servo pattern on the storage medium. 

34. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 

drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the servo read head 
relative to the servo pattern, a translation assembly that is activated to position the head 
assembly relative to the storage medium, and a servo controller that activates the translation 
assembly in accordance with the position signal, the servo decoder including means for decoding 
a servo read head signal produced from a servo pattern that comprises a cyclic sequence of 
magnetic flux transitions that extend continuously across the width of the track and define servo 
pattern stripes such that the servo read head signal varies as the magnetic head is moved 
across the width of the track, the stripes including at least a first azimuthal orientation and a 
second azimuthal orientation, such that the first azimuthal orientation is not parallel to the 
second azimuthal orientation and the stripes are arranged in groups containing a plurality of 
sequential stripes at the first azimuthal orientation followed by a plurality of sequential stripes at 
the second azimuthal orientation; 

wherein the groups of sequential stripes at a single orientation are separated from groups of 
sequential stripes at other orientations by synchronization features; 

wherein the synchronization features comprise transition-free spaces that are free of transitions 
of at least one polarity whose minimum length in the transducing direction exceeds the maximum 
length in the transducing direction between consecutive transitions of that polarity within a 
group of stripes of the same azimuthal orientation; and 

wherein each pattern period of the cyclic sequence of transitions comprises a plurality of groups 
of stripes, each group containing stripes of a single azimuthal orientation and at least one group 
within a period contains a different number of stripes from the number contained within the 
other groups. 

35. A data storage system as defined in claim 34, wherein the servo decoder identifies individual 
transition-free spaces within a pattern period by counting the number of stripes detected in 
previous groups of stripes. 

36. A data storage system as defined in claim 34, wherein each pattern period of the cyclic 
sequence of transitions comprises a group of four stripes at a first orientation, followed by a 
group of four stripes at a second orientation, followed by a group of five stripes at the first 
orientation, followed by a group of five stripes at the second orientation, a transition-free space 



http://patft.uspto.gov/netacgi/nph-Parser7Sect1 =PT02&Sect2=HITOFF&p=1&u= .. 2004/02/25 



. United States Patent: 5,689,384 



10/33 s<— v 



occurring after each group. 

37. A data storage system as defined in claim 34, wherein the synchronization features contain 
information other than servo control information. 

38. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 

drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the servo read head 
relative to the servo pattern, a translation assembly that is activated to position the head 
assembly relative to the storage medium, and a servo controller that activates the translation 
assembly in accordance with the position signal, the servo decoder including means for decoding 
a servo read head signal produced from a servo pattern that comprises a cyclic sequence of 
magnetic flux transitions that extend continuously across the width of the track and define servo 
pattern stripes such that the servo read head signal varies as the magnetic head is moved 
across the width of the track, the stripes including at least a first azimuthal orientation and a 
second azimuthal orientation, such that the first azimuthal orientation is not parallel to the 
second azimuthal orientation and the stripes are arranged in groups containing a plurality of 
sequential stripes at the first azimuthal orientation followed by a plurality of sequential stripes at 
the second azimuthal orientation; 

wherein one or more pluralities of acljacent servo tracks form one or more servo track bands; 
and 

wherein acljacent servo tracks within a band comprise patterns that are reflections of one 
another in a line in the transducing direction, such that all transitions in a servo track band are 
continuous across the width of the band. 

39. A, data storage system as defined in claim 38, wherein two tracks form a servo band that is 
symmetric about the center of the band in the transducing direction, each track comprising a 
cyclic sequence whose period is a group of four linear stripes at a first orientation, followed by a 
group of four linear stripes at a second orientation, followed by a group of five linear stripes at 
the first orientation, followed by a group of five linear stripes at the second orientation, a 
transition-free space occurring after each group; and 

the first and second azimuthal orientations comprise supplementary angles that are symmetric 
about the center of the band, such that the band comprises sequential groups of four and five 
chevrons of opposite direction, separated by transition-free spaces. 

40. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 
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drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the read head relative to 
the servo pattern, a translation assembly that is activated to position the head assembly relative 
to the storage medium, and a servo controller that activates the translation assembly in 
accordance with the position signal, wherein: 

the servo decoder includes means for decoding a servo read head signal produced from a servo 
pattern that comprises a cyclic sequence of magnetic flux transitions that extend continuously 
across the width of the track and define servo pattern stripes such that the servo read head 
signal varies as the magnetic head is moved across the width of the track, the stripes including 
at least a first azimuthal orientation and a second azimuthal orientation, such that the first 
azimuthal orientation is not parallel to the second azimuthal orientation and the stripes are 
arranged in groups containing a plurality of sequential subgroups, each subgroup containing 
stripes at more than one azimuthal orientation, the groups being separated by synchronization 
features. 

41. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 

drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the servo read head 
relative to the servo pattern, a translation assembly that is activated to position the head 
assembly relative to the storage medium, and a servo controller that activates the translation 
assembly in accordance with the position signal, wherein the servo decoder includes means for 
decoding a read head signal produced from a servo pattern that comprises a cyclic sequence of 
magnetic flux transitions that extend continuously across the width of the track and define servo 
pattern stripes such that the servo read head signal varies as the magnetic head is moved 
across the width of the track, the stripes including at least a first azimuthal orientation and a 
second azimuthal orientation, such that the first azimuthal orientation is not parallel to the 
second azimuthal orientation and the servo decoder determines the time intervals between a 
plurality of predetermined pairs of transitions in the servo pattern and generates a substantially 
speed invariant position signal that is a function of the time intervals. 
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42. A data storage system as defined in claim 41, wherein the signal decoder means for decoding 
detects signals from the read head corresponding to magnetic flux transitions having a first flux 
polarity and ignores magnetic flux transitions having a second flux polarity. 

43. A data storage system comprising: 

a magnetic storage medium having a servo pattern recorded on at least one servo track; 

drive means for moving the magnetic storage medium relative to a magnetic head assembly; 

a magnetic head assembly that is moved sufficiently close to a surface of the moving magnetic 
storage medium for reading the servo pattern recorded on the storage medium surface and for 
generating a servo read head signal, the magnetic head assembly including at least one data head 
for reading and writing data and at least one servo read head for reading servo information on 
tracks of the storage medium; and 

a servo control system for positioning the magnetic head assembly adjacent the surface of the 
moving magnetic storage medium for reading the servo pattern recorded in at least one track of 
the storage medium surface, a servo decoder that receives the servo read head signal and 
decodes it to generate a position signal that indicates the position of the servo read head 
relative to the servo pattern, a translation assembly that is activated to position the head 
assembly relative to the storage medium, and a servo controller that activates the translation 
assembly in accordance with the position signal, wherein the servo decoder includes means for 
decoding a read head signal produced from a servo pattern that comprises a cyclic sequence of 
magnetic flux transitions that extend continuously across the width of the track and define servo 
pattern stripes such that the servo read head signal varies as the magnetic head is moved 
across the width of the track, the stripes including at least a first azimuthal orientation and a 
second azimuthal orientation, such that the first azimuthal orientation is not parallel to the 
second azimuthal orientation and the servo decoder determines the time intervals between a 
plurality of predetermined pairs of transitions in the servo pattern and generates a substantially 
speed invariant position signal that is a function of the time intervals; and 

wherein the servo decoder means for decoding generates a position signal value in accordance 
with the ratio of the read head signal time interval from a stripe of the first azimuthal orientation 
to a stripe of the second azimuthal orientation and the interval between two stripes of the same 
orientation. 



Description 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates generally to recording and reading data from magnetic storage media and, 
more particularly, to servo control systems that maintain the position of a magnetic head relative 
to tracks in magnetic storage media. 

2. Description of the Related Art 

The recording and reading of data in tracks on magnetic storage media requires precise 
positioning of magnetic read/write heads. The read/write heads must be quickly moved to, and 
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maintained centered over, particular data tracks as recording and reading of data takes place. 
The magnetic heads can record and read data as relative movement occurs between the heads 
and the magnetic storage media in a transducing direction. The heads are moved from track to 
track across the width of the tracks in a translating direction, which is perpendicular to the 
transducing direction. 

For example, a recordable disk typically contains concentric data tracks and is rotated beneath a 
magnetic head. The direction of rotation defines the transducing direction. Radial movement from 
track to track defines the translating direction. A magnetic tape typically contains data tracks 
that extend along the length of the tape, parallel to the tape edges, in the transducing direction. 
In magnetic tape helical scan systems, however, the tape is moved beneath heads that are 
moved at an angle across the width of the tape, the diagonal direction defining the transducing 
direction. 

Storage devices that read and record data on magnetic media typically use servo control 
systems to properly position the data heads in the translating direction. The servo control 
systems derive a position signal from a servo magnetic head that reads servo control information 
recorded in servo tracks on the storage media. Typically, the servo control information 
comprises two parallel but dissimilar patterns. The servo head follows the boundary between the 
two dissimilar servo patterns, which are recorded in alignment with the data tracks. When the 
servo head is centered relative to the boundary between the servo patterns, the associated 
read/write head is centered relative to the data track. 

The servo patterns might comprise bursts of half-width magnetic flux transitions, extending 
halfway across the servo track, that have different phases or frequencies. These patterns are 
often referred to as "half tracks" because a single servo position is defined by an adjacent pair 
of the patterns. Generally, the servo head has a width greater than or equal to approximately 
one-half servo track. With a half-width servo head it is readily possible to determine which 
direction to move the head for centering up until the head has moved more than one-half track 
off center. Servo heads that are less than one-half track width would not be able to determine 
which direction to move as soon as the head was completely over one half of the servo track or 
the other. Servo heads that are greater than one-half track width are most commonly used with 
imbedded servo systems, which use the same read head for servo and for data. With such 
systems, every other pattern is made different to avoid the problem of the head running into an 
adjacent track pattern, which then would not be able to determine which direction in which to 
move. 

An alternative to the half-track servo control approach is described in U.S. Pat. No. 3,686,649 to 
Behr, which describes a disk drive servo control system that uses servo control information 
comprising lines of magnetic flux transition that extend across a servo track width at two 
different angles from a line parallel to a disk radius. A pair of such transition lines define a 
control zone in the form of a symmetric trapezoid. A control head detects a positive-going pulse 
generated by a first transition and a negative-going pulse generated by a second transition. The 
signal thus generated comprises a pulsed position signal that can be compared with a reference 
signal to indicate how far the control head has deviated from the servo track centerline. The 
system is said to permit more than 200 tracks per inch on a storage disk. Nevertheless, there is 
a demand for disk storage devices and tape storage devices of greater and greater storage 
density. For example, conventional disk drives can provide 5000 tracks per inch. 

The half-track servo control approach has been found to be generally satisfactory for direct 
access storage devices, such as disk drives. Tape storage systems operate under unique 
characteristics that increase the difficulty of providing higher storage densities. In magnetic tape 
storage systems, the storage media/magnetic head interface is not as clean as the environment 
typically found in disk systems and, unlike most disk systems, the magnetic tape runs 
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substantially in contact with the magnetic head. The relatively dirty environment and continuous 
contact between the media and the head, as well as the relatively large width of the servo head, 
produces significant wear and scratching of both the media and the servo head and produces 
localized build-up of contaminants on the surfaces of both. As a result, the spatial response of 
the servo head to the servo control information changes with time, both gradually as a result of 
wear over time and suddenly as a result of interaction with contaminant debris. 

Changes in the servo head spatial response cause errors in the position signal, so that a position 
signal can indicate no track misregistration when the servo head actually is displaced from the 
servo track centerline. Errors in the position signal are typically difficult to detect from the 
position signal itself. As a result, redundant servo tracks are often used for increased reliability, 
wherein the servo control system uses the position signal data only if the data from two or more 
redundant tracks agree. Redundant servo tracks reduce the tape storage media surface area 
available for data recording and requires more heads and supporting electronics. 

From the discussion above, it should be apparent that there is a need for a servo control system 
that is especially suited to the magnetic tape environment, that reduces the magnitude of 
position signal error due to wear on the servo head and debris, and that permits position signal 
errors to be detected more easily. The present invention satisfies this need. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a track-following servo control system in a magnetic 
media storage device derives head position information from one or more specially patterned 
servo tracks. The servo patterns are comprised of magnetic transitions recorded at more than 
one azimuthal orientation in a servo track, such that the timing of the servo position signal 
pulses derived from reading the servo pattern at any point on the pattern varies continuously as 
the head is moved across the width of the servo track. The timing of pulses generated by the 
servo read head is decoded by appropriate circuitry to provide a speed invariant position signal 
used by the servo system to position the data heads over the desired data tracks on the storage 
media. 

In one aspect of the invention, the servo pattern is comprised of a repeating cyclic sequence 
containing two different transition azimuthal orientations. For example, the pattern may comprise 
straight transitions essentially perpendicular to the length of the track alternating with 
azimuthally inclined or sloped transitions. That is, the azimuthally sloped transitions extend 
across the width of a track at an angle to the head transducing direction. The relative timing of 
transitions read by a servo read head varies linearly depending on the head position with respect 
to the center of the track. Speed invariance is provided by determining the ratio of two timing 
intervals. In particular, the ratio can be determined by normalizing the variable time interval 
between dissimilar transitions with the interval measured between like transitions. Maximum 
dynamic range and linearity are obtained by using a read head that is narrow with respect to the 
width of the servo track pattern and the data track width. Synchronization of the decoder to the 
servo pattern is accomplished by providing periodic gaps called spacing intervals or 
synchronization gaps in the pattern that are recognized as pattern starting points. 

In another aspect of the invention, error detection and correction are accomplished through 
recognition of servo pattern sequences. For example, if the servo pattern contains a 
predetermined number of transitions between synchronization gaps, a failure to encounter the 
expected number of transitions between gaps indicates faulty servo track reading. Similarly, the 
timing of various intervals within a servo pattern sequence must match a known format; failure 
to match within certain parameters indicates erroneous servo track reading. Upon detection of 
errors, the system may correct the false information by substituting information from a different 
(redundant) servo track, temporarily substituting information of an estimated value, or by other 
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means. 

Servo patterns on a tape storage media can be generated using a multiple gap servo write head. 
The gaps of the head contain geometries appropriate to generate the servo pattern features 
described above. For servo patterns comprised of straight transitions at two different azimuthal 
orientations, for example, a dual gap head having one narrow straight gap at each orientation is 
sufficient. In one feature of the invention, the patterned gaps of the head are produced by 
photolithographically defined plating of permalloy material on a ferrite ring head structure. Pulses 
of current through the windings of the write head transfer the geometric pattern of the gaps on 
the head to identical magnetization patterns on the tape. Appropriate timing of the pulses 
generates the desired pattern sequences. 

In accordance with the invention, using a servo read head that is narrow compared to the data 
tracks written on the storage media minimizes tracking errors due to false position signals. 
Defects in and wear of the servo read head or servo patterns on the storage media cause 
minimal position errors if the servo read head is narrow. Likewise, temporary or permanent 
collection of debris on either the storage media or servo read head cause minimal position 
sensing errors if the servo read head is narrow relative to the data track widths. The system is 
especially suited for use with dedicated servo tracks that are always separate from data tracks. 
However, the system may be used in embedded servo systems as well. 

In another aspect of the invention, the servo control system detects magnetic flux transitions 
having a first transition polarity and ignores magnetic flux transitions having a second transition 
polarity. Thus, the servo control information pattern groups are timed only between transitions 
that have the same polarity. This avoids shifts in the timing of opposite polarities of transitions 
that can occur due to asymmetries in the fabrication of the servo write head, in the actual servo 
control information writing process, the nature of the magnetic tape, and the read heads 
themselves. If desired, signal-to-noise ratios can be further improved by using the redundant 
second set of opposite polarity transitions. 

Other features and advantages of the present invention should be apparent from the following 
description of the preferred embodiments, which illustrate, by way of example, the principles of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a tape drive storage device and associated tape cartridge 
constructed in accordance with the present invention. 

FIG. 2 is a schematic representation of the magnetic head and servo control system of the tape 
drive and cartridge combination illustrated in FIG. 1. 

FIG. 3 is a schematic representation of an alternative head assembly arrangement in accordance 
with the invention. 

FIGS. 4, 5, and 6 are representations of three alternative servo patterns constructed in 
accordance with the present invention. 

FIG. 7 is a graph of the servo information signal generated by the magnetic head illustrated in 
FIG. 2. 

FIG. 8 is a representation of the servo head as it tracks the servo pattern illustrated in FIG. 6 
and a graph of the head output signal it generates. 
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FIG. 9 is a representation of the servo head as it tracks an illustrated fourth alternative servo 
pattern constructed in accordance with the present invention and a graph of the head output 
signal it generates. 

FIGS. 10, 11, and 12 are block diagrams of a position signal decoder for the servo control system 
illustrated in FIG. 2. 

FIGS. 13, 14, 15, and 16 are block diagrams of an alternate position signal decoder for the servo 
control system illustrated in FIG. 2. 

FIG. 17 is a representation of the servo head as it tracks the servo pattern illustrated in FIG. 9, 
along with a representation of the head output signal it generates and the corresponding A and B 
signal intervals. 

FIG. 18 is a chart of data stored in the system illustrated in FIG. 13 for use with demodulating 
the servo pattern illustrated in FIG. 17. 

FIG. 19 is a representation of a drum system for recording the servo patterns onto magnetic 
storage tape. 

FIG. 20 is a representation of the magnetic flux transitions that can be recorded onto a portion 
of magnetic tape by the system illustrated in FIG. 19. 

FIG. 21 is a representation of a multi-gap head that can record the servo pattern illustrated in 
FIG. 9. 

FIG. 22 is a cross-section of the head illustrated in FIG. 21. 

FIG. 23 is a plan view of the servo pattern gap region of the head illustrated in FIGS. 21 and 22. 

FIG. 24 is a schematic representation of a servo write head writing a magnetic tape constructed 
in accordance with the invention. 

FIG. 25 is a schematic representation of a recording system for producing a magnetic tape in 
accordance with the present invention. 

FIG. 26 is a schematic diagram of the recording system illustrated in FIG. 25. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 shows a timing based servo tape system 10 constructed in accordance with the present 
invention. The system includes a tape drive 12 that accepts a tape data cartridge 14 and is 
connected to a host processor 16 by a data cable 18. The tape cartridge comprises a housing 19 
containing a loop of magnetic tape 20. The system is constructed for use with servo control 
information comprising a repeating servo pattern of magnetic flux transitions that are recorded in 
tracks on the magnetic tape 20 in the data cartridge and extend across the width of the tracks 
such that a servo position information signal generated by reading the servo control information 
varies continuously as a magnetic servo read head is moved across the width of a track in a 
translating direction, thereby indicating the relative position of the head within the track. The 
tape drive 1 2 can read the servo control information and generate a position signal to control the 
position of an associated data read head, or can write the servo control information into tracks 
on a data cartridge using a magnetic servo write head, or can do both. The system is optimized 
for the magnetic tape environment, so that the magnitude of the position signal error due to 
wear and debris is reduced and such errors are easier to detect. 
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The tape drive 12 includes a receiving slot 22 into which the cartridge 14 is inserted. The host 
processor 16 can comprise, for example, a personal computer such as the IBM Corporation 
"PS/2" personal computer, or can be a workstation such as the IBM Corporation "RS6000" 
workstation, or can be a mini computer, such as the IBM Corporation "AS400" computer. The 
tape drive 12 preferably is compatible with such host processors and, for example, tape library 
systems that employ tape cartridges, such as IBM Corporation "3480" and "3490" tape drive 
units. The tape cartridge 14 can assume any one of a variety of cartridge formats, including, for 
example, conventional 8 mm, 4 mm, 1/4-inch, and 1/2-inch data cartridge formats. 

FIG. 2 is a view looking down on a portion of the magnetic tape 20 of the cartridge 14 (FIG. 1) 
past a head assembly 24 of the tape drive unit 12. The tape is shown in phantom with dashed 
lines where it passes beneath the head assembly. The head assembly is shown in solid lines and 
includes a relatively narrow servo read head 26 that detects a servo pattern recorded in a servo 
track 27 of the tape. Also shown, for purposes of illustrating relative size, is a data read head 28 
of the head assembly that is positioned over a data track region 29 of the tape containing 
multiple data tracks for reading data recorded in a data track. FIG. 2 shows a single servo read 
head and a single data read head for simplicity of illustration. Those skilled in the art will 
appreciate that most tape systems have multiple servo tracks, multiple servo read heads, and 
multiple data read and write heads. 

In FIG. 2, the servo track centerline 30 is indicated, extending along the length of the tape 20. 
FIG. 2 shows that the servo read head is relatively narrow and has a width substantially less than 
the width of the servo track 27. In particular, in the preferred embodiment the servo read head 
has a width that is less than one-half the width of a single data track (not illustrated), which 
typically is more narrow than a servo track. 

In FIG. 2, the transducing direction of tape-head relative movement, in which the servo read 
head 26 can read the servo pattern, occurs when the tape 20 is moved linearly with respect to 
the head, along the length of the track 30. When such movement occurs, the servo pattern of 
magnetic flux transitions is detected by the servo read head so that it generates an analog servo 
read head signal that is provided via a servo signal line 34 to a signal decoder 36. The signal 
decoder processes the servo read head signal and generates a position signal that is delivered 
via a position signal line 38 to a servo controller 40. The servo controller generates a servo 
mechanism control signal and provides it via a control line 42 to the head assembly 24. A servo 
mechanism of the head assembly responds to the control signal from the servo controller by 
moving the head 26 laterally across the width of the servo track 30 in the translating direction. 
The servo controller 40 monitors the position signal from the signal decoder 36 and generates 
the control signal necessary to reach the desired position, so that the control signal equals the 
signal when the head is at the desired target. 

FIG. 3 shows a multiple servo track, multiple head system constructed in accordance with the 
present invention. The system is similar to that shown in FIG. 2 with the following exceptions. 
The FIG. 3 head assembly 24' includes a data read head 28a and a data write head 28b for 
reading and writing data, respectively, in a data track of the tape data region 29. The tape 20' 
illustrated in FIG. 3 includes a second servo track 27' in addition to the first servo track 27, the 
servo tracks being placed on opposite sides of the data region 29. The centerline 30' of the 
second servo track also is shown. FIG. 3 shows that the head assembly 24' also includes a 
second servo read head 26' for reading servo information recorded in the second servo track 27'. 
It should be noted that the head assembly 24' produces two servo signals, one for each servo 
read head. The head assembly provides the servo signal from the first servo read head 26 over a 
signal line 34 to a corresponding decoder 36 and provides the servo signal from the second 
servo read head 26' over a second signal line 34' to a corresponding decoder 36'. These 
respective decoders provide their position signals to the servo controller 40. It should be noted 
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that most tape systems include a multiplicity of data read and write heads and that only a single 
pair are shown in FIG. 3 for purposes of illustration. 

As noted above, servo patterns in accordance with the present invention comprise magnetic flux 
transitions that extend across the width of the servo track such that the servo read head signal 
produced by reading the pattern varies continuously as the servo read head is moved across the 
width of each servo track. FIGS. 4, 5, and 6 show alternative embodiments of servo patterns in 
accordance with the present invention. Those skilled in the art will recognize that the dark 
vertical bands, hereafter called stripes, represent magnetized areas of recorded magnetic flux 
that extend across the width of a servo track and that the edges of the stripes comprise flux 
transitions that are detected to generate the servo read head signal. The transitions have two 
magnetic polarities, one on each edge of a stripe. When the servo read head crosses a transition, 
it produces a pulse whose polarity is determined by the polarity of the transition. For example, 
the servo head might produce positive pulses on the leading edge of each stripe (on 
encountering a stripe) and negative pulses on the trailing edge (on leaving a stripe). Each servo 
pattern comprises a repeating sequence of different stripes having at least two orientations 
across the width of the track such that the first orientation is not parallel to the second 
orientation. 

For example, in FIG. 4, the servo pattern 44 comprises an alternating sequence of first stripes 46 
that extend across the width of the track substantially perpendicular to the transducing direction 
of a track and second stripes 48 that have an azimuthal slope with respect to the read head. 
That is, the second stripes are at a slope relative to the lengthwise track centerline 49. The 
pattern 50 illustrated in FIG. 5 comprises an alternating sequence of straight first stripes 52 that 
are oriented perpendicular to the track centerline and chevron-shaped second stripes 54 having 
two legs each with an azimuthal slope symmetrically from the other about the track centerline 
55. That is, the pattern 50 comprises a band that can be characterized as being formed from two 
tracks that are reflections of each other, each track including one leg 54a or the other 54b of 
the chevrons. The FIG. 6 pattern 56 comprises chevron-shaped first 58 and second 60 stripes 
that are placed back-to-back so as to form a diamond-shaped pattern that is symmetric about 
the track centerline 62. It should be apparent that this pattern 56 also can be characterized as a 
servo band comprised of two servo tracks reflected about a band centerline. 

With each one of the servo patterns 44, 50, 56 illustrated in FIGS. 4-6, a magnetic servo read 
head that is positioned above the tape 20 as the tape is moved linearly with respect to the head 
in the transducing direction generates an analog servo read head signal having peaks whose 
peak-to-peak timing varies as the head is moved across the width of the track in the translating 
direction. As described more fully below, the variation in timing is used to determine the relative 
position of the magnetic servo read head within the servo track. 

The servo patterns 44, 50, 56 illustrated in FIGS. 4-6 include first and second stripes that define 
first and second intervals, referred to as A intervals and B intervals, respectively, that are used 
to generate a position signal that is independent of tape speed. The position signal is generated 
by timing the intervals and calculating their ratio. For these patterns, an A interval is defined as 
the interval along the tape transducing direction from a stripe of one type to the next stripe of 
the other type, while a B interval is defined as the interval along the tape transducing direction 
between two stripes of the same type. It should be clear that the timing intervals from stripe to 
stripe will vary as the servo read head is moved in the translating direction, across the width of 
the track. It also should be noted that only the A intervals vary; the B intervals are constant, 
regardless of position. 

Thus, in FIG. 4, the first A interval, which will be referred to as A1, extends from the first 
perpendicular stripe to the first stripe having an azimuthal slope and the first B interval B1 
extends from the first perpendicular stripe to the next perpendicular stripe. Subsequent servo 



http://patft.uspto.gbv/netacgi/nph-Parser?Sect1=PT02&Sect2=HITOFF&p=1&u=... 2004/02/25 



United States Patent: 5,689,384 



19/33 ^— v 



pattern intervals A2, A3, . . . and B2, B3, . . . can be similarly defined. In FIG. 5, the first A interval 
A1 extends from the first perpendicular stripe to the first chevron-shaped stripe while the first 
B interval B1 extends from the first perpendicular stripe to the second perpendicular stripe. The 
second A interval, A2, extends from the second perpendicular stripe to the second chevron- 
shaped stripe. The second B interval, B2, extends from the second perpendicular stripe to the 
third perpendicular stripe. In FIG. 6, the first A interval A1 extends from the first chevron, 
comprising the left side of a first diamond, to the next chevron, comprising the right side of the 
first diamond, while the first B interval B1 extends from the left side of the first diamond to the 
left side of the second diamond. The second A interval A2 extends from the left side of the 
second diamond to the right side of the second diamond. The second B interval B2 extends from 
the left side of the second diamond to the left side of the third diamond. It should be noted that 
the last stripe is not used to define an interval. 

A servo control system constructed in accordance with the present invention provides a means 
of determining the position of the servo read head relative to the beginning and ending of the 
servo pattern. Determination of the position within the pattern permits the system to know the 
nature of the next stripe that will be read and to perform error detection and, if desired, error 
correction. In terms of the first servo pattern 44 illustrated in FIG. 4, for example, the system will 
know whether the next stripe to be read is a straight transition or is an azimuthally sloped 
transition. In the preferred embodiment, the position determination is provided by a periodic 
synchronization feature in the servo pattern that is detected by the servo decoder. 

In the patterns illustrated in FIGS. 4, 5, and 6, the synchronization feature comprises spacing 
intervals between groups of stripes. The spacing intervals are transition free, so that no stripes 
occur in the transducing direction for an interval greater than the maximum interval between any 
two stripes within a group. If desired, information other than servo control pattern data can be 
placed in the spacing intervals. For example, if the gaps between stripes have at least two 
different lengths, information may be written in the synchronization feature spacing intervals as a 
serial code of gap lengths. Such information might be used to indicate data block locations, tape 
longitudinal position, or other information useful to the operation of the drive. The servo control 
system can be synchronized with the spacing intervals to provide position determination because 
the system will know that the next magnetic flux transition after a spacing interval is a 
perpendicular group stripe. The groups of stripes between successive spacing intervals are 
referred to as "servo bursts". Each servo burst contains a predetermined number of stripes and 
transitions, which can be used in error detection and correction, as described further below. The 
number of stripes per burst provides adequate servo control synchronization while efficiently 
using the tape media, such that a synchronization feature is not needed after every pair of 
different stripes for proper synchronization. 

For example, in FIG. 4, a first servo pattern group 66 and a second servo pattern group 68 are 
illustrated. The first and second servo pattern groups are separated by a synchronization feature 
comprising a spacing interval 70. The spacing interval extends along the tape in the transducing 
direction for an interval greater than an A interval, which is the interval from a stripe of the first 
perpendicular orientation to a stripe of the second azimuthally sloped orientation. Similarly, FIG. 
5 shows a spacing interval 72 between the servo bursts 74, 76 and FIG. 6 shows a start gap 78 
between servo bursts 80, 82. As noted above, information other than servo control pattern data 
is written in these intervals. 

To reduce the chance of head irregularities and control system anomalies from distorting the 
servo read head signal, the servo control system in accordance with the present invention times 
the A and B intervals only between magnetic flux transitions having the same polarity. This is 
done because, for example, asymmetries in the fabrication of the servo write head, variations in 
the actual servo writing process, and other difficulties due to the nature of the tape itself or of 
the read heads can cause apparent shifts in the timing of transitions having opposite polarities. 
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Timing only between transitions of like polarity eliminates timing errors due to differences 
between the polarities. For example, only transition pulses such as generated by the read head in 
moving across the leading edge of a stripe might be used. Transition pulses generated by moving 
across the trailing edge of a stripe are ignored. 

The signal-to-noise ratio can be further improved by using the redundant set of second 
transitions of opposite polarity. In such a case, a redundant servo pattern decoding system 
would be provided to decode the position signal separately from the magnetic flux transitions of 
both polarities. For purposes of this detailed description, the decoding system associated with 
one polarity will be described. It should be understood, however, that a similar decoding system 
could be provided for the transitions having opposite polarity. 

FIG. 7 shows a graph of the analog servo read head signal 84 generated by the magnetic head 
illustrated in FIG. 2 as it reads the servo pattern illustrated in FIG. 4. FIG. 7 shows that a first 
servo read head signal peak 86 occurs as the servo read head crosses the leading edge of the 
first stripe of FIG. 4. A first negative peak 88 in the servo read head signal occurs as the servo 
read head crosses the trailing edge of the first stripe in FIG. 4. This second transition polarity is 
ignored. The remaining description of the servo control system will relate to detecting only the 
positive peaks of the servo read head signal. 

FIG. 8 illustrates the diamond pattern of FIG. 6 showing a path 90 followed by the servo read 
head and, below it, the corresponding servo read head signal 92 generated by the magnetic servo 
read head as it crosses the servo pattern stripes, with the A and B intervals indicated. As 
described above, each successive A interval is referred to as A1, A2, and so on and the B 
intervals are similarly referred to as B1, B2, and so on. FIG. 8 illustrates that a positive peak is 
generated for each stripe crossed and defines the pattern intervals, whereas the downward 
peaks are ignored in determining the timing intervals for generation of the position signal. FIG. 8 
indicates that the servo pattern is approximately 408 microns across and 434 microns long. 

FIG. 9 shows an alternative nested, or interleaved, diamond pattern 94, with a representation of 
the path 96 followed by the servo read head, beneath which is a representation of the head 
output signal 97 generated as the head crosses the servo pattern bands, illustrating the A and B 
intervals. The interleaved diamond pattern comprises a sequence of five interleaved diamonds, 
formed by a band of chevron-shaped transitions, which is followed by four interleaved diamonds. 
This sequence is repeated to form the servo pattern. 

The groups of five diamonds and four diamonds illustrated in FIG. 9 are separated by relatively 
short spacing intervals 99 that are wider at their narrowest point than the maximum separation 
between any two like stripes within an interleaved group and between any two diamond groups. It 
also should be apparent that another type of pattern gap having no transitions is located in the 
FIG. 9 pattern internal to a group of diamonds. These internal gaps 98 can be readily 
distinguished by control circuitry of the decoder because they occur between a sequence of four 
diamonds and five diamonds, or between a sequence of five diamonds and four diamonds. In 
contrast, the spacing intervals 99 can be recognized because they occur only after two 
sequences of stripes having an equal number of stripes, such as after two 4-stripe groups or 
after two 5-stripe groups. 

The servo pattern of the preferred embodiment is given by FIG. 9. The dimensions are as follows: 
The stripe width in the transducing direction is 2.5 .mu.m. The period of stripes within a group is 
5 .mu.m. The width of the servo pattern perpendicular to the transducing direction is 408 .mu.m, 
divided into two symmetric halves of width 204 .mu.m. The stripes are inclined at an angle of 
7.4.degree. relative to a line perpendicular to the transducing direction. In the following 
dimensions, all lengths are measured from the leading edge of a stripe to a leading edge of 
another stripe: the spacing interval 99 between diamonds is 10 .mu.m at the closest approach; 
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the internal gap 98 in a four-diamond group is 15 .mu.m; the internal gap 98' in a five-diamond 
group is 10 .mu.m. 

FIG. 9 illustrates that an A interval is defined to extend from a stripe on the left side of a 
diamond to a corresponding stripe on the right side of the diamond. For example, the first A 
interval A1 extends from the first stripe of the left side of the first diamond to the first stripe of 
the right side of the first diamond. The corresponding B interval extends from a stripe on the left 
side of a diamond to the corresponding stripe on the left side of the next diamond. 

The pattern 94 illustrated in FIG. 9 makes maximum use of the track length to generate a 
position signal. The pattern repeats every 221 microns, thus, the sampling period is only 221 
microns long, as compared with the longer sampling periods of the other illustrated servo 
patterns. Because each interleaved diamond of the FIG. 9 servo pattern contains a 
predetermined number of stripes, the synchronization feature spacing interval can be detected 
by counting the number of stripes passed by the servo read head. Grouping the pattern into 
groups of four diamonds followed by five diamonds permits the decoder to determine the location 
of the head relative to the track in the transducing direction. More particularly, the decoder can 
synchronize itself, even if it misses a stripe, because it can expect that, after it receives two 
bursts of five stripes, it next will receive two bursts of four stripes, then two more bursts of five 
stripes, and so forth. This advantageously permits a relatively simple error detection and 
correction scheme to be implemented. 

The dimensions of the pattern 94 illustrated in FIG. 9 represent a preferred design which 
balances three servo requirements: servo pattern width, sample rate, and position signal noise. 
The pattern width (indicated in FIG. 9 as 408 microns) determines the range of the servo read 
head signal. This range can be the width of several data tracks (not illustrated). In this 
embodiment the servo pattern width is equal to approximately eight data track widths so that 
one servo read element can be used to position a given data read head element over eight 
different data tracks. 

The sample rate of the servo read head signal is determined by the length of the servo pattern 
and the tape speed. In the preferred embodiment, the servo pattern is 221 microns long. It yields 
two data points in that space, one at the end of the interval B4 and one at the end of the 
interval B8. At atypical tape speed of approximately 2.0 m/s, this yields a sample rate of 18,100 
samples per second. The sample rate requirement is determined by the rest of the components 
of the track-following servo loop. If the sample rate is too low, the dynamic response of the loop 
must be relaxed in order to maintain enough phase margin in the system for adequate control 
loop stability. 

The position signal noise is determined by three factors: the noise in the measurement of the 
transition interval times, the number of transition interval times measured per sample, and the 
scaling factor which converts transition interval time to position signal. The noise in the 
measurement of the transition interval times is governed by such factors as media noise and 
electronics noise and is largely independent of the pattern dimensions. The noise is considered a 
constant in this discussion. The number of transitions measured affects the position signal noise 
because of averaging. In the illustrated FIG. 9 pattern 94, four A- and BHntervals are measured 
per sample. In the decoder, these four measurements are averaged together to produce the 
position signal for the sample. Including more stripes and therefore more transitions in the 
pattern will lower the noise by increasing the averaging, but will also require a longer pattern, 
which lowers the sample rate. The scaling factor that converts transition interval time to position 
signal is given by the slope of the stripes. 

As the stripe transitions are sloped more azimuthally away from being perpendicular to the servo 
track centerline, the timing between transitions will vary more with servo head position. These 
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larger timing differences lower the noise in the position signal. Increased slopes, however, also 
make the servo pattern longer, lowering the sample rate. It should be noted that increased 
slopes decrease the signal strength from the servo read head because of azimuth loss, which 
affects the noise in the measurement of the transition times. All of these factors should be 
considered when determining the optimal servo pattern for a given application. The pattern 94 
illustrated in FIG. 9 represents a preferred design, however, different design objectives can be 
readily addressed by those skilled in the art by adjusting the pattern layout and dimensions. 

FIGS. 10, 11, and 12 show block diagrams of the signal decoder 36 illustrated in FIG. 2. As 
described further below, the decoder preferably includes error detection and correction circuitry. 
Those skilled in the art will appreciate that these two functions can be provided in the same 
circuit or can be provided by separate circuit modules. FIG. 10 shows that the decoder 36 
receives the analog servo read head signal, such as illustrated in FIG. 7, from the servo read 
head via the line 34 and converts the signal into pulsed logic signals using a peak detector 102. 
In the preferred embodiment, the output signal from the peak detector goes high on a positive- 
going transition (leading edge) and goes low on a negative-going transition, permitting the 
decoder to distinguish between the two polarities. 

As noted above, the position signal is decoded by a digital signal decoder 36 (FIG. 2). The 
function of the decoder is to measure the A and B time intervals and perform the necessary 
calculations to make the position signal available to the remainder of the servo control system. 
Additionally, error detection and correction may be applied within the decoder. Those skilled in 
the art will recognize that while the decoder design and operation must be tailored for the 
particular servo track pattern used, there are many ways to accomplish the function through 
various hardware and software approaches. For illustrative purposes, a decoder and error 
correction circuit is illustrated in FIGS. 10 and 11, for use with simple patterns of the type 
shown in FIG. 4. 

FIG. 7 shows the analog signal derived from a servo read head as a result of reading a pattern as 
shown in FIG. 4. As shown in FIG. 10, this analog signal is converted to a digital signal by a peak 
detector 102. The output of the peak detector switches from logic "low" to logic "high" upon 
detection of positive peaks, and from "high" to "low" at negative peaks. The decoder is designed 
to trigger the timing of all intervals from only one polarity of peaks, which correspond to a single 
polarity of magnetic transition, as discussed previously. 

In the decoder, a number of counters serve as timers for synchronization and interval timing 
purposes. A start counter 104 detects start gaps 70 (see FIG. 4) by looking for transition-free 
intervals longer than the maximum allowed within a burst. When a start gap is detected, 
synchronization and control circuits 1 1 1 are reset to begin decoding a new burst. As each peak 
in the servo pattern is encountered, the appropriate counters are enabled and reset to time the 
appropriate A and B intervals. A single "X" counter 106 times each A interval. Because 
consecutive B intervals are contiguous, and a finite time is required to output a counter total 
and reset a counter, two "Y" counters Y1 108 and Y2 1 10 alternate in timing the B intervals. 
The desired position signal is the ratio of A and B, which is calculated in this example circuit as 
follows: Because full digital division requires extensive circuitry, it is advantageous to use a 
multiplier in combination with a ROM look-up table when the expected range of B values is small 
(assuming tape speed varies over a limited range). The B value (output of one of the two Y 
counters) is selected by a Y1/Y2 counter selector 112 and is converted to a 1/B value by a 
ROM table 116, whose output is multiplied by A in a multiplier 1 14. Thus, the raw position signal 
118 comprises the value A/B at the completion of each pair of A and B values (eight times in 
each burst). 

FIG. 1 1 shows a block diagram of a practical error detection and correction circuit to accompany 
the decoder shown in FIG. 10. The illustrated circuitry performs error checking on each burst, 
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and outputs a single position signal value for each burst. In the event no error is found, the burst 
output is the average value of the eight individual A/B values found within the burst. If an error 
is detected, a simple scheme is used to replace the current false burst output value with the 
most recent error-free value. These functions are accomplished as follows: A transition counter 
120 counts the number of transitions occurring in each burst. Experimentally it has been 
determined that most errors involve accidental detection of an extra transition, or failure to 
detect a legitimate transition, due to noise, dropouts, debris, or other causes. When such errors 
occur, the transition counter 1 20 will count a number of transitions per burst other than the 
correct number (eighteen in this example), and will output an error signal. Additional error 
detection is accomplished by comparing the successive values of the eight A/B values 
generated within teach burst. A deviation accumulator 124 sums four of the eight A/B values, 
and subtracts the remaining four, giving a deviation result that indicates the degree of inequality 
of the eight values. If this deviation value exceeds certain preset boundaries, a deviation limits 
detector 126 produces an error signal. These error signal are processed by an error gate/control 
logic 121. When no error is detected, the logic produces a burst data ready signal on a line 122 
that pulses to indicate the availability of good burst data from a burst average accumulator 128. 
If an error is detected, the new burst average data is rejected, and replaced with the most 
recent error-free value. This is accomplished with a latch 130 that causes the last good burst 
average value from the accumulator 128 to be provided to a data selector 132. A burst error line 
1 23 indicates whether the current output value is a new error-free value or a previous held 
value. 

The servo control system makes use of the burst error line 123 and the burst data ready line 
1 22 to determine whether the position signal integrity is sufficient for adequate servo control 
operation. For example, the system may reject position data after a certain number of 
consecutive errors are detected, or after a predetermined time interval is exceeded without new 
error-free data. When such error conditions occur, the system may choose to accept position 
signal data from another redundant servo track or, if no servo tracks are producing error-free 
data, the system may prevent data writing, so as to avoid possibly writing new data off^-track and 
accidentally erasing desired data on adjacent tracks. Such an arrangement is illustrated in FIG. 
12. 

The circuitry illustrated in FIG. 1 1 can accomplish error correction merely by substituting the 
most recent error-free value whenever an error is detected. Those skilled in the art will 
recognize that other algorithms, such as substitution of an estimated current value, may offer 
certain advantages for the servo control system. 

FIG. 12 shows a block diagram of a discriminator circuit 140 that determines whether the burst 
data signal should be considered valid or invalid. The burst data ready signal is received over the 
line 122 by a time-out timer 142 and a consecutive error counter 144. Burst error 
determinations are received from an error gate/control such as that illustrated in FIG. 11. If the 
time-out timer 142 does not receive an error-free servo burst signal during a predetermined 
time interval, then the time-out timer provides an error signal to an error gate 146. If the 
consecutive error counter 144 counts a predetermined number of consecutive bursts having an 
error, then it provides an error indication to the error gate. If neither the time-out timer nor the 
consecutive error counter indicate an error to the error gate, then the decoded signal is 
considered valid. A latch 148 then sets a data valid signal 150 to a high level, indicating a valid 
output. 

The decoder described in connection with FIGS. 10-12 is a relatively simple case that illustrates 
the principles of timing-based servo pattern decoding and error detection and correction. The 
preferred embodiment of the invention uses the interleaved pattern shown in FIG. 9, which has 
been optimized for a combination of wide servo track width, high signal-to-noise ration, high 
sampling rate, and good error detection capability. 
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The preferred embodiment of a signal decoder constructed in accordance with the present 
invention is illustrated in block diagram form in FIGS. 13-16. FIG. 17 shows the path of a servo 
read head over a portion of the servo pattern from FIG. 9 along with the resulting analog signal 
received by the servo read head and the A and B intervals to be timed. The pattern consists of 
alternating bursts of four and five interleaved diamonds, separated by start gaps that exceed, at 
their narrowest points, the length of any gaps encountered within bursts. This combination of 
alternating groups of four and five stripes separated by recognizable gaps provides periodic 
synchronization information for the decoder. Because the intervals to be timed are interleaved 
and, in the case of B intervals, are contiguous, the decoder is divided into two subdecoders 
indicated by a suffix of "1" or "2" that alternate in producing position signal information, each 
outputting every other position signal value. Each of these subdecoders times four A and four B 
intervals, which are shown in FIG. 17. The timing points labeled CLR1, CLR2, OUT1, and OUT2 in 
FIG. 1 7 indicate the time points when each subdecoder is cleared and when each produces a 
position signal value. The main circuitry of the subdecoders, including interval timing circuitry and 
error detection circuitry, is shown in FIGS. 13-16. The circuitry shown includes error detection, 
but does not include error correction; this is assumed to be handled by the servo controller, 
using principles similar to those discussed above. Likewise, the quotient A/B is not calculated in 
this decoder; the servo controller performs this function. The details of such circuitry can be 
readily determined by those skilled in the art, in cor\junction with this description. 

While the interleaved A and B intervals could be timed with individual dedicated counters, the 
same function may be performed by a single accumulator in each subdecoder. For example, the 
timing of A values in the first subdecoder is accomplished as follows: An X1 accumulator is 
initially cleared (by CLR1) to a zero value. A transition counter TC1 keeps track of the head 
location within the servo pattern (determined by how many stripes have been crossed). When the 
location in the pattern is outside of the A intervals, an X1 increment ROM produces a value of 
zero to the X1 accumulator, holding its value at zero. At other points in time, the transition 
counter TC1 and increment KOM X1 provide to the X1 accumulator an increment value equal to 
the number of A intervals currently being timed. The X1 accumulator adds this number to its 
total on each clock cycle. In this way, the X1 accumulator serves the role of multiple parallel 
timers. 

It should be noted that the X1 accumulator contains the sum of four A values after the intervals 
are complete; this is the desired A output value for the burst group. In a similar manner as 
described above, a Y1 accumulator sums the four B intervals. A deviation accumulator D1 
alternately adds and subtracts both the A and B intervals in a manner such that its sum is zero 
if all A intervals have equal length and all B intervals have equal length. The extent to which 
these equalities do not hold causes the stun in the D1 accumulator to deviate from zero. 
Comparators labelled DEV MAX and DEV MIN determine whether the deviation has exceeded 
predetermined boundaries, which indicate an error condition. Error checking also includes 
transition counting, which is accomplished by two magnitude comparators 1 and 2. Because the 
total number of transitions expected is different (either 13 or 14) for each subdecoder, separate 
counters and magnitude checkers are provided for each. Selection of which subdecoder is 
currently in use is determined by the SELECT signal. This signal, as well as others depicted in 
FIG. 13, will be described in cor\junction with FIGS. 14-16. 

The DATA GOOD signal shown in FIG. 13 indicates whether an error condition has been 
detected either by the transition counters TC1, TC2 or the deviation limit circuits DEV MAX and 
DEV MIN for the values currently being produced on XOUT and YOUT data lines at the time of a 
DATA READY pulse (FIG. 16). The state of the DATA GOOD line is used by the servo controller 
for error correction purposes. 

FIG. 14 illustrates the generation of the PK signal as well as three other intermediate signals, 
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namely, a GAP, FOUR, and FIVE signal. The PK signal is generated by a conventional peak 
detector 1 60 that typically is used in magnetic disk or tape drives to convert an analog signal 
into digital pulses. The peak detector 160 differs slightly from those used in most conventional 
drives in that it produces a pulse only on positive-going peaks. Typical peak detectors used in 
magnetic drives usually produce a pulse on both positive-going and negative-going peaks. The 
peak detector 160 used in the preferred embodiment should be well-known to those skilled in 
the art and needs no further explanation. 

The output of the peak detector comprises the PK signal, which is provided to the circuitry 
illustrated in FIG. 13 and also is provided to a down counter 162. The down counter also receives 
a clock signal 163 from a system clock and receives a GAP length signal, which can be set by a 
user to a predetermined value, for example, corresponding to the separation between stripes in a 
diamond of FIG. 9. A GAP signal comprises a pulse generated by the down counter whenever a 
time interval is detected beyond a predetermined gap length without a pulse from the peak 
detector 1 60. That is, the down counter times out, or counts down to zero, if no PK pulse is 
detected after the gap length amount of time. For a given tape speed and servo pattern size, a 
suitable gap time limit is chosen. In the preferred embodiment, the tape speed is approximately 
2.0 meters per second and the pattern comprises groups of four and five stripes 5 .mu.m apart, 
and the preferred time limit is selected to be 3.75 msec. As a result, the generated GAP signal 
comprises a pulse at each gap between the groups of four and five servo pattern stripes. As 
noted above, the spacing intervals 99 (FIG. 9) can be readily distinguished from the internal 
pattern gaps 98 based on keeping track of the number of diamond stripes encountered. This is 
described further below. 

The PK signal and the GAP signal are used to produce the FOUR and FIVE signals, respectively. 
The FOUR signal goes high whenever four servo pattern stripes are detected after a pattern gap. 
The FIVE signal goes high whenever five servo pattern stripes are detected after a gap. An up 
counter 164 receives the PK signal at a clock input and receives the GAP signal at a clear input. 
The up counter provides its counting output to the input lines of a 3-to-8 line decoder 1 66. In a 
manner well-known to those skilled in the art, the 3-to-8 line decoder produces the FOUR and 
FIVE pulse signals. 

FIG. 15 shows how the FOUR, FIVE, and GAP signals are used to produce the main control 
signals OUT1, OUT2, CLR1, and CLR2. For the pattern illustrated in FIG. 9, the OUT1 and OUT2 
signals are generated at every spacing interval 99, whereas the CLR1 and CLR2 signals are 
generated at the internal gaps 98. An array of flip-flops are used in conjunction with two OR 
gates to produce the control signals. The GAP signal is provided to the clock input of the four 
flip-flops 172, 176, 178, 188. The inverse FIVE signal is provided to the first flip-flop 172 and to 
an OR gate 174. The OUT1 signal produces a single pulse whenever a gap is detected after two 
FIVE pulses. Thus, the Q output of the first flip-flop 172 is provided to the other input of the OR 
gate 1 74, whose output is provided to the D-input line of a third flip-flop 1 78, and the inverse Q 
output of the first flip-flop 172 is provided as the clock input to a fourth flip-flop 180. The D- 
input of the fourth flip-flop is grounded. A fifth flip-flop 182 receives the Q output signal from 
the third flip-flop 1 78 and also receives a system clock signal at its clock input. The fifth flip- 
flop produces the OUT1 signal from its inverse Q output line. 

The CLR2 line produces a single pulse whenever a GAP signal is detected after exactly one FIVE 
signal pulse. Thus, the Q output from the fourth flip-flop 180 is received at the D-input line of a 
sixth flip-flop 184, which also receives the system clock signal at its clock input. The inverse Q 
output of the sixth flip-flop provides the CLR2 signal. 

The OUT2 signal line produces a signal pulse when a GAP signal occurs after two FOUR signals, 
while the CLR1 line produces a signal pulse when a GAP signal occurs after exactly one FOUR 
signal. As illustrated in FIG. 15, this can be provided by connecting the inverted FOUR signal to 
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one input of an OR gate 186 and also to the D-input of the second flip-flop 176. The output Q of 
the second flip-flop 176 is provided to the other input line of the OR gate 186. The output of the 
OR gate is provided as the D-input to a seventh flip-flop 188. The GAP signal is provided as the 
clock input to the seventh flip-flop. The Q output of the seventh flip-flop 188 is provided as the 
D-input to a ninth flip-flop 190. The ninth flip-flop receives the system clock signal at its clock 
input line. The inverted Q output from the ninth flip-flop 190 produces the OUT2 signal. 

The CLR1 signal is produced by a ninth flip-flop 192 whose D-input is grounded and whose clock 
input is received from the inverted Q input of the second flip-flop 176. The Q output of the ninth 
flip-flop is provided to the D-input of a tenth flip-flop 194. The tenth flip-flop receives the 
system clock signal at its clock input line. The inverted Q input of the tenth flip-flop 194 
comprises the CLR1 signal. 

FIG. 16 illustrates how a SELECT signal is generated and how a data-ready (DR) signal is 
generated. Whenever an OUT1 or OUT2 signal pulse occurs, data is ready to be output. That is, 
the servo head is at the end of one diamond pattern, either a group of four interleaved diamonds 
or a group of five interleaved diamonds. The SELECT signal is used to select the proper 
registers and data ready pulses. The SELECT signal is produced from a J-K flip-flop 1 96 with its 
J input line connected to the OUT2 signal and its K input line connected to the OUT1 signal. The 
clock input of the J-K flip-flop is connected to the system clock signal. The Q output of the J-K 
flip-flop 196 produces the SELECT signal. The OUT1 and OUT2 signals are connected to the 
input lines of an OR gate 198, whose output produces the data-ready (DR) signal. 

The generation of the position signal relative to the interleaved diamond pattern illustrated in 
FIG. 9 will be better understood with reference to the following drawings: FIG. 13, the logic 
circuit that illustrates the generation of the position signal signals; FIG. 17, the representation of 
the interleaved diamond pattern and output signal; and FIG. 18, a chart illustrating the generation 
of the output signals and clear signals. As indicated in FIG. 13, the position signal comprises 
alternating values designated XOUT and YOUT. As noted above, FIG. 13 shows that there are 
two completely redundant signal generation systems, identified by a "1" suffix and "2" suffix, 
which take turns producing the XOUT and YOUT values. Thus, one XOUT value is generated by 
the X1 elements, followed by a YOUT value generated by the Y1 elements, followed by a next 
XOUT value from the X2 elements, a next YOUT value from the Y2 elements, a next XOUT value 
from the X1 elements, and so forth. The sequence of values comprises the position signal. The 
description oft he circuit operation initially will refer only to the first of the redundant signal 
generation systems, indicated by a "1" suffix. 

The position signal is the sum of four A-interval values divided by the sum of four B-interval 
values described above in connection with FIGS. 4-6 and FIGS. 8 and 9. The accumulators X1, 
X2, Y1, and Y2 shown in FIG. 13 can perform the division, or multiplication by reciprocals, of the 
A and B values and then add the quotients, or can calculate the sums and then perform the 
division operation, to generate the XOUT and YOUT values. The A intervals and B intervals are 
graphically represented in FIG. 17. 

FIG. 1 7 shows that the A intervals A1 , A2, A3, and A4 overlap one another in time, as do the 
corresponding B intervals B1, B2, B3, and B4. A separate counter could be used to time each A 
and B interval; however, this approach would require eight counters. As noted above, in the 
preferred embodiment, the summation is instead achieved using two parallel signal generation 
systems having paired accumulators. As illustrated in FIG. 13, the first signal generation system 
includes two paired accumulators X1 and Y1, while the second signal generation system includes 
two accumulators X2 and Y2. Each accumulator has input lines for "clear" and "increment", and 
it should be understood that each also receives a clock input (not illustrated). With each clock 
cycle, the accumulator adds the amount of the increment obtained from an increment KOM 
(labeled "INC ROM") to the data output signal. Each accumulator adds an increment of zero, 
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one, two, three, or four, depending on the servo pattern band just crossed by the servo head. A 
pulse on the respective signal generation system clear line (CLR1 or CLR2) resets the 
accumulator output to zero. The accumulators get their increment instruction, the amount to 
add with each clock cycle, from the increment KOMs. The increment KOMs, in turn, are 
addressed by transition counters TC1 and TC2. 

In operation, when a CLK1 pulse occurs, the first transition counter TC1 resets to zero and its 
associated accumulators X1, Y1, and D1 also are reset to zero. As the servo head moves along 
the servo pattern after the CLK1 pulse, as illustrated in FIG. 17, it crosses a group of four servo 
pattern stripes, then crosses two groups of five stripes. The transition counters count peak (PK) 
pulses to keep track of how many servo pattern stripes have been crossed. On the first PK 
pulse after the CLK1 signal is received, the system begins timing the first B interval. On the 
second PK pulse, the second B interval timing begins, and so on. On the sixth PK pulse after the 
CLR1 signal, the first A interval timing begins. On the seventh PK pulse, the second A interval 
timing begins. This continues such that, on the eleventh PK pulse after the CLR1 signal, 
representing the eleventh servo pattern stripe crossed, the first A interval and the first B 
interval timing end. On the fourteenth PK pulse after the CLR1, all A and B intervals have ended 
and the sums are ready to be output. The fourteenth servo pattern stripe, after a pair of five- 
stripe groups, is when the OUT1 pulse occurs, producing an output value (FIG. 15). 

The accumulators, using the increment data in the increment ROMs, automatically add up the 
intervals as needed. FIG. 18 shows the increment data that is stored in the respective increment 
ROMs. In FIG. 18, the ADDRESS column is the transition counter output value that indicates 
which servo pattern stripe after the associated CLR1 or CLR2 signal has just been crossed. The 

columns X1, X2 D2 show what increment values will be added to each respective 

accumulator of FIG. 13 for each clock cycle. It should be noted that the address refers to the 
number of PK pulses following the corresponding clear signal. Thus, the increment values in the 
X1 column are indexed according to the number of PK pulses received after a CLR1 signal, while 
the increment values in the X2 column are indexed according to PK pulses after a CLR2 signal. 

The operation of the X1 accumulator next will be described in greater detail. The other 
accumulators operate in a similar manner. From FIG. 17, it should be clear that the sixth servo 
pattern stripe crossed after a CLR1 signal starts the timing of the first A interval for a five- 
stripe diamond. This can be seen from examination of the servo pattern stripes, the head output 
analog signal, and the second group of A intervals. Thus, the transition counter TC1 output value 
that is produced from counting PK pulses is equal to six and the corresponding increment ROM 
address is equal to six. From FIG. 18, the amount of increment to the X1 accumulator is one. 

On the seventh PK pulse following a CLR1 signal, the first A interval continues to be timed while 
the second A interval timing begins. Therefore, after the seventh PK pulse indicating the 
crossing of the seventh servo pattern stripe, the ROM address is seven and from FIG. 18 it is 
clear that the accumulator X1 increments two on each clock cycle. Similarly, after the eighth 
servo pattern stripe is crossed, three A intervals A1, A2, and A3 are simultaneously timed, so 
the accumulator is incremented by three on each clock cycle. On the ninth servo pattern stripe, 
the accumulator is incremented by four. On the eleventh servo pattern stripe, the first A interval 
A1 has ended, and therefore only three intervals continue to be timed. Therefore, the increment 
to the X1 accumulator is reduced to three, as indicated in the FIG. 18 table entry for ROM 
address eleven. After the fourteenth servo pattern stripe, all A intervals are completed and 
therefore the accumulator increment is changed to zero. That is, the accumulator already 
contains the sum of the four A intervals and the output value is ready to be produced, after an 
OUT1 pulse occurs. Similarly, the Y1 accumulator will have been timing the B intervals and also 
has its data ready to be output. 

The set of accumulators X2 and Y2 of the second signal generation system operate in the same 
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way, starting from the CLR2 signal and completing in time for the OUT2 pulse (FIG. 15). Thus, 
the sixth servo pattern stripe crossed after a CLR2 signal corresponds to the first servo pattern 
stripe of a four-diamond group. Therefore, the A1 interval for the second signal generation group 
begins and the X2 accumulator should be incremented by one. This is shown by the 
corresponding value in the FIG. 18 table for ROM address six of the X2 column. At a tape speed 
of approximately 2.0 meters per second, the combination of the two sets of accumulators 
provides new position signal data at a rate of approximately 18 kHz. 

FIG. 13 shows that the outputs of the accumulators are routed through respective selectors X- 
SELECT, Y-SELECT, and D-SELECT that choose which of the two signal generation systems 
has the current output value that should be output. The selection is governed by the SELECT 
data signal, described above in conjunction with FIG. 16. After an OUT1 pulse, the set of 
accumulators from the second signal generation system becomes active, and after an OUT2 
pulse, the set of accumulators from the first signal generation system becomes active. Thus, for 
the interleaved diamond servo pattern illustrated in FIG. 17, the first set of accumulators X1, Y1, 
D1 becomes active after an OUT2 pulse, which occurs after two four-stripe groups, while the 
second set of accumulators X2, Y2, D2 becomes active after an OUT1 pulse, which occurs after 
two five-stripe groups. 

In the preferred embodiment illustrated in FIG. 14, error checking is performed to detect missing 
or extra transitions and to detect servo pattern stripes that are erroneously read in a slightly 
shifted position. Details of error correction that can be performed after error detection are not 
illustrated in FIG. 14 but those skilled in the art will readily be able to construct such circuitry, in 
view of the discussion above concerning FIGS. 10-12. In FIG. 13, missing or extra detected 
stripes are detected by the transition counters TC1 and TC2 that count every PK pulse. When 
an output signal pulse OUT1 or OUT2 occurs, magnitude comparators check to see if the 
correct number of transitions (either 1 3 or 1 4, as indicated) have been detected. For example, in 
the case of the first set of accumulators, the predetermined number of transitions is fourteen 
whereas for the second set of accumulators, the predetermined number is thirteen. If a number 
other than the predetermined number is detected, then the data-good (DG) signal produced by 
the SELECT block will be false. The system decoder 36 (FIG. 2) detects the DG signal and 
thereby is warned that the data is bad and takes predetermined corrective action. In the 
preferred embodiment, for example, the corrective action comprises maintaining the output signal 
at its previous value. 

If the PK pulse from one servo pattern stripe is accidentally shifted in time, then all A interval 
values and B interval values will not have the same value. The system illustrated in FIG. 13 
provides deviation accumulators D1 and D2 that add and subtract the individual A and B 
intervals in a way that should provide a zero result. If any servo pattern stripe is shifted in time, 
the result will be non-zero, either positive or negative. A maximum comparator DEV.sub.max and 
a minimum comparator DEV.sub.min check the D1 and D2 deviation accumulator output to 
permit servo pattern stripe shifts to be larger than a predetermined minimum amount, which 
permits normal noise within the system to cause acceptably small errors, but does not permit 
shifts to be larger than a predetermined maximum amount, which indicates an error. If the 
difference is less than the maximum value and less than or equal to the minimum value, then the 
output of the corresponding deviation accumulator D1 or D2 goes high and, along with output 
from the SELECT data signal, produces the data-good (DG) signal. In this way, the deviation 
check circuitry also prevents random noise from being considered valid output in the event that 
random noise produces suitable patterns to produce an OUT1 or an OUT2 signal pulse. 

The signal decoder and position signal circuitry described above use servo control information 
that comprises a repeating servo pattern of stripes having magnetic flux transitions that extend 
continuously across the width of servo information tracks in the translating direction in an 
azimuthal slope. The signal decoder receives the analog servo read head signal and generates a 
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position signal that is a function of the ratio of two intervals derived from the servo pattern. This 
provides a servo control system that is independent of tape speed and therefore is insensitive to 
speed variations. Those skilled in the art will appreciate that a variety of techniques can be used 
to produce the servo patterns illustrated in FIGS. 4-9 in magnetic storage media, such as 
magnetic tape. A variety of systems for producing the servo patterns used by the decoder will 
be described next. 

FIG. 1 9 shows a magnetic drum system 300 for producing the servo patterns described above. 
Magnetic tape 302 onto which the servo patterns are to be recorded is wound around a curved 
portion of the circumference 304 of a drum 306 such that the curved portion is adjacent an 
electromagnet 308 on the opposite side of the tape that projects a magnetic field of flux 
outwardly toward the tape. A sequence of raised bands is deposited onto the circumference of 
the drum in the desired servo pattern. For example, the bands deposited onto the circumferential 
portion 304 of the drum illustrated in FIG. 20 produce a servo pattern on the tape 302 that is the 
same as that illustrated in FIG. 4. Other details of a drum system implementation for producing 
the servo patterns are well-known to those skilled in the art and do not form part of the 
invention described herein. See, for example, U.S. Pat. No. 3,869,711 to Bernard. 

Those skilled in the art will appreciate that the drum portion 304 shields those lengths of the 
magnetic tape with which the bands have contact while the external electromagnet 308 projects 
a magnetic field onto the tape, leaving the desired servo pattern flux transition bands. The drum 
pattern bands 310 preferably are deposited using photolithographic techniques, as such 
techniques provide the extreme accuracy needed for accurate reproduction of the servo 
patterns. Preferably, the bands are constructed of a nickel iron or permalloy material on a 
nonmagnetic drum. 

A preferred method for producing the patterns is with a multiple gap servo write head. The 
multiple gap heads of the preferred embodiment are produced from photographic techniques 
known to those skilled in the art. FIG. 21 shows a multiple gap servo write head 400 constructed 
in accordance with the present invention. The head illustrated in FIG. 21 comprises a ferrite ring 
402 with a patterned NiFe pole piece region 404. Two ferrite blocks 406, 408 form the bulk of the 
magnetic head and are separated by a glass spacer 41 1. 

In constructing the head, the ferrite blocks 406, 408 and glass spacer 41 1 are first bonded 
together with an epoxy glue or with glass bonding techniques. The resulting structure is then 
lapped to produce the desired front contour, which comprises the tape beating surface. In the 
preferred embodiment, a cylindrical from contour surface is provided. Cross-slots 412 are cut 
into the head to remove included air when the head is in operation with magnetic tape. 

As shown in FIG. 22, a conducting seedlayer 416 is then deposited on the front contour surface. 
In the preferred embodiment, 800 angstroms of NiFe have been used. Photoresist material is 
then deposited on the front surface and patterned in the shape of the desired servo patterns 
414. The patterning of the cylindrical surface can be done by either contact-exposure or 
projection-exposure techniques familiar to those skilled in the art. Because high resolution is 
only required for the servo patterns located at the apex of the cylindrical contour, standard 
planar exposure techniques can be used. In the preferred embodiment, the photoresist lines 
which define the gap regions are 2 .mu.m wide and 3.5 .mu.m tall. 

After the desired gap structures are formed in the photoresist, Ni.sub.45 Fe.sub.55 material 418 
is plated to a thickness of approximately 2 .mu.m on the seedlayer 416 wherever the photoresist 
has been removed. The remaining photoresist material is then removed. A wear-resistant 
overcoat 420 is then deposited over the front contoured surface to protect it. In the preferred 
embodiment, this overcoat is a laminated NiFeN/FeN structure with a total thickness of 
approximately 3000 angstroms. Alternative overcoat materials that can be used are, for example, 
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diamond-like carbon or other wear-resistant materials. 

Finally, as shown in FIG. 21, a coil 420 is wound around one of the ferrite blocks 408 through a 
wiring slot 422 to complete the head. The flux through each gap is in the same plane as the 
lithography. This limits the gap width to the resolution of lithographic techniques, but allows 
arbitrarily complex gap shapes within that restriction. Thus, the straight diagonal gaps needed for 
the servo patterns illustrated in FIGS. 4-9 are easily fabricated in this horizontal head design 
described above. Those skilled in the art will appreciate that a much more complex process 
would be needed to produce the desired gap structure in a vertical head because of the limits of 
planar processing. 

One novel aspect of the head 400 is its use of magnetic saturation phenomena to simplify its 
design. The writing gaps 414, shown in greater detail in FIG. 23, are contained within a 
continuous sheet of magnetic NiFe. Conventional wisdom would dictate that the magnetic field in 
these gaps should be very small when this head is energized because almost all of the flux would 
flow through the low-reluctance NiFe rather than through the high-reluctance writing gaps. The 
gaps appear to be shunted by the sheet of NiFe. However, at larger currents the shunting 
regions of NiFe become magnetically saturated, causing the permeability to drop sharply. As 
saturation becomes more severe, the writing gaps become the preferred path for the additional 
flux. At high writing currents, this design generates the necessary gap fields to adequately write 
magnetic tape. This design provides an almost completely smooth surface for the tape to run 
over. More conventional designs would require wide isolation gaps to channel the magnetic flux 
into the writing gaps. Such isolation gaps provide high-pressure edges which will be subject to 
wear by the tape. These wide gaps also provide regions for tape debris to accumulate which can 
cause unwanted spacing between the head and tape. It should be noted that extra flares 432 are 
added to the writing gaps 430 to sharply demarcate the written pattern. If the flares are not 
present, the field across the writing gaps decreases at the ends. The flares act to maintain 
nearly the full writing field up to the end of the writing gaps. 

Saturation effects are also used effectively to eliminate negative effects due to the magnetic 
seedlayer and the preferred magnetic wear overcoat. These layers are magnetic and cover the 
entire front surface of the head, including across the writing gaps 414. This shorting of the gaps 
would cause a problem except that these films are saturated at very low currents and cause no 
effect at higher writing currents. Those skilled in the art will recognize that the advantageous 
use of these saturation effects simplifies the design and improves the performance of this head. 

The preferred embodiment of the servo write head uses a cylindrically contoured head with 
cross-slots to maintain good contact between the head and the tape. Other techniques for 
maintaining this contact can also be used. In particular, a flat head with a small-radius edge can 
be used by overwrapping the tape around the edge. FIG. 24 illustrates this technique. The head 
900 has a planar front surface 902. The tape 904 contacts the head with a slight overwrap (for 
example, 1 .degree.). The action of passing the tape over the overwrapped corner of the head 
acts to remove the layer of air between the head and the tape. The tape lifts slightly off the 
head near the corner because of its finite modulus of elasticity, but then comes into contact 
with the head. This technique may be used to maintain head-tape contact. Those skilled in the 
art will recognize that certain simplifications in the head fabrication process may be used to 
advantage by eliminating the cylindrical contour and cross-slots from the head design. 

FIG. 25 illustrates the process of producing a magnetic tape having the servo patterns illustrated 
above using a pattern recording system 502. The system 502 can be provided, for example, in 
the tape drive 12 illustrated in FIG. 1. In particular, FIG. 25 illustrates the process of producing a 
magnetic tape having the servo pattern of FIG. 9 and shows a magnetic tape 504 in a top view 
506 and in a side view 508 as it is passed in contact with a write head 510 such as that 
illustrated in FIGS. 21 and 23. The tape is passed in the direction indicated by the arrow 512. 
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The tape write head 510 ordinarily is not energized, but is periodically energized with a current 
pulse of predetermined polarity at predetermined times. That is, the head is switched between a 
zero current and a current of a single polarity. Those skilled in the art will note that this differs 
from conventional schemes, in which a magnetic write head is switched back and forth between 
opposite polarity currents. To produce the desired servo pattern on the tape 504, the tape is 
moved at a predetermined velocity while the write head 510 is intermittently pulsed with current. 
The intermittent current pulses of the write head produce flux patterns on the tape that are a 
copy of the head gap structure, as illustrated by the representation of the tape pattern 514 in 
FIG. 25. It should be clear from FIG. 25 that the two chevron-shaped write gaps are spaced 
apart sufficiently such that two opposed stripe bands, or diamonds, are recorded with each 
current pulse through the write head 510 and that the current pulses are timed to create the 
interleaved diamond pattern illustrated in FIG. 9, where a group of four interleaved diamonds is 
followed by a group of five interleaved diamonds. 

FIG. 25 illustrates that the space 51 1 between the head write gaps is selected so that the 
interleaved pattern can be written in a single pass of the tape. The magnetic storage medium is 
moved in a head transducing direction at a predetermined velocity and the servo write head is 
energized with a predetermined polarity pulse to generate magnetic flux and automatically record 
one servo pattern transition stripe of the first azimuthal orientation and one servo pattern stripe 
of the second azimuthal orientation in a track on the tape with each energization. The head is 
repeatedly energized until the stripes recorded in the tape comprise one of the interleaved 
diamond groups. More particularly, the spacing between the servo write gaps is selected so that, 
at the tape writing speed, the transition stripe recorded by the trailing gap 513 at the last 
current pulse of a four-stripe or five-stripe group lies completely between the first stripes 
recorded by the leading gap 515 and trailing gap at the first current pulse of the group. Thus, 
after four or five activations of the head, as appropriate, the desired interleaved servo pattern is 
obtained. 

Similarly, the synchronization feature spacing intervals are formed by continuing to move the 
tape at the predetermined velocity without energizing the servo write head to produce a servo 
pattern stripe. The extent of the spacing interval in the transducing direction is determined by 
the length of time the head is not energized and by the predetermined tape speed. Preferably, 
the time without energizing the write head is sufficiently long such that all of the stripes written 
by a group of pulses lie completely beyond the stripes written by the previous group of pulses. 
That is, all transition stripes of one group have passed by the trailing gap 513 before any stripes 
of the next group are written to the tape. 

To write a non-interleaved pattern, such as illustrated in FIG. 8, the write gap spacing and 
pulsing of the head is such that the transition stripe recorded by the trailing gap during each 
current pulse lies completely beyond the stripe recorded by the leading gap during the previous 
current pulse. That is, the stripe written by the leading gap is moved past the trailing gap before 
the next energization of the write head. The synchronization features between stripe groups are 
formed by delaying energization of the servo write head to produce a servo pattern stripe for a 
sufficiently long time so that the minimum spacing along the transducing direction between the 
last stripe recorded by the leading gap during the last current pulse of a group and the first 
stripe recorded by the trailing gap during the first current pulse of the subsequent group is 
greater than the maximum distance in the transducing direction between any pair of sequential 
stripes within a group. 

As illustrated in FIG. 25, a programmable pattern generator 516 of the servo pattern recording 
system 502 generates pulses that are provided to a pulse generator 518 that causes the 
intermittent energizing of the write head 510. Because the pulse width is finite and the tape is 
moving at a predetermined velocity, the servo flux patterns recorded onto the tape 504 are 
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elongated versions of the actual gaps of the write head. The flux patterns recorded on the tape 
are wider than the gaps on the write head by the product of the tape velocity and the pulse 
width. 

The servo pattern recording system 502 can operate with either AC or DC erased magnetic 
tape. If the magnetic tape 504 is AC-erased, meaning that the tape has zero magnetization, then 
the tape is magnetized with one polarity over the gap regions when the write head 510 is 
energized. The remainder of the tape is left with zero magnetization. If the magnetic tape is DC- 
erased, meaning that the tape is magnetized in one polarity, then the current through the write 
head 510 must be directed such that the recorded flux pattern stripes are magnetized in the 
opposite polarity. The resulting recorded pattern then consists of transitions between 
magnetized regions of opposite polarity. The signal produced when a servo pattern is read back 
from a DC-erased tape will have approximately twice the amplitude of the signal produced from 
an AC-erased tape. In the preferred embodiment, however, an AC-erased tape is used to 
prevent producing a signal so large that the servo read head becomes saturated. The magnitude 
of the write current can also be reduced to decrease the magnetization of the written regions of 
the tape, lowering the readback signal. 

The pattern generator 516 in FIG. 25 may be constructed with several techniques which are 
familiar to one skilled in the art. For example, the required pulse pattern could be recorded in a 
programmable read-only memory (PROM) and cycled through with an appropriate addressing 
circuit. Alternatively, the required pulse pattern could be produced by a collection of suitable 
counters and associated logic. These techniques are familiar to those skilled in the art and 
require no further explanation. 

It also should be appreciated that the accuracy of the servo pattern recorded on the tape 
depends on the accuracy of the pattern generation timing and of the tape velocity. The pattern 
generation timing preferably is crystal controlled and therefore is very accurate and stable. The 
tape velocity, however, is more difficult to control. In the preferred embodiment, a tape velocity 
accuracy of 0.1% is required. An alternative to obtaining such accuracy is to measure the tape 
velocity near the write head and adjust the timing of the pattern generator to correct for tape 
velocity errors. Measuring the tape velocity can be accomplished, for example, with an accurate 
shaft encoder 505 rotated by the tape or with a laser doppler device. The details of such a tape 
velocity measurement system should be clear to those skilled in the art. 

After the pattern pulses are generated, they must be converted into current pulses through the 
write head. In the preferred embodiment, pulse generator circuitry produces pulses with a 
duration of 1 50 ns, with up to 3 amps of peak current and a rise and fall time of less than 50 ns. 
Those skilled in the art will recognize that such a pulse generator can be constructed with, for 
example, a power MOSFET switch and a current-limiting resistor. These techniques will be 
readily apparent to those skilled in the art without further explanation. 

FIG. 26 is a schematic diagram of the tape writing system 502 illustrating tape verification 
elements and showing that the tape 504 is passed from a supply reel 520 to a take-up reel 522 
as the servo pattern is recorded onto the tape. The pattern generator 516 produces the pattern 
pulses, which are provided to the servo write head pulse generator 518 that intermittently 
energizes the write head 510. After the tape 504 is recorded with the servo pattern, the pattern 
must be verified to assure high quality. A servo read head 524 reads the just-recorded servo 
pattern and provides a servo signal to a pre-amplifier 526. The pre-amplifier provides an 
amplified version of the servo signal to a pattern verifier 528 that performs a variety of verifying 
operations, such as checking the servo pattern, signal amplitude, dropout rate, and consistency 
of redundant servo tracks. The verifier causes a bad-tape marking head 530 to place a magnetic 
mark on the tape 504 if any errors are found so that bad sections of tape are not loaded into a 
tape cartridge (FIG. 1). 
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Although this discussion has focused on dedicated servo track embodiments, this servo system 
is also applicable to embedded servo embodiments. In dedicated servo track systems, certain 
tracks on the tape are used exclusively for servo patterns. In operation a servo read element is 
always over one of these servo tracks while other elements are used for reading and writing 
data. Embedded servo systems spatially separate servo patterns and data blocks on the same 
track. With this approach, a single element can be used for reading both servo information and 
data. The embedded servo approach decreases the servo sample rate and the data rate because 
a single element is used for both. One disadvantage to using the same head element for servo 
and data reading is that using a narrow servo read head is, for all practical purposes, precluded. 
However, other advantages are obtained, such as decreasing the number of elements needed in 
a head module and decreasing offset errors which result from using separate servo and data 
elements. Those skilled in the art will appreciate that the servo system described here can be 
extended to apply to embedded servo applications. 

Thus, described above is a servo pattern of repeating magnetic flux transitions that extend 
across the width of each servo track such that they produce a servo position information signal 
that varies continuously as a servo read head is moved across the width of the servo track in 
the translating direction and the tape is moved beneath the head in the transducing direction, 
permitting the interval between transitions to be timed to thereby indicate the relative position 
of the magnetic head within the track. Also described above are a variety of servo write heads 
suitable for generating the servo pattern, including a preferred method of constructing a multiple 
gap servo write head. Also described above is a servo pattern writing system, including a tape 
verification system to ensure accurate reproduction of the servo patterns on tape. 

The present invention has been described above in terms of presently preferred embodiments so 
that an understanding of the present invention can be conveyed. There are, however, many 
configurations for servo decoders, servo patterns, servo control systems, storage media, servo 
writing systems, data storage systems, and servo write heads not specifically described herein, 
but with which the present invention is applicable. The present invention should therefore not be 
seen as limited to the particular embodiments described herein, but rather, it should be 
understood that the present invention has wide applicability with respect to servo decoders, 
servo patterns, and servo write heads generally. All modifications, variations, or equivalent 
arrangements that are within the scope of the attached claims should therefore be considered to 
be within the scope of the invention. 
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The pattern is read by a servo read head 26 whose width is small co^ared to 
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the preferred embodiment, the servo read head is also narrow wfth resoec 1 to the 
data tracks, which provides the additional advantages of superio SnSv to 
S?jH e H SI ? 9 errors caused by defects or temporal variations i^the servo 
E2»£ ead ' defects J n £? servo P attern > wear of the head, or debris coMectiSn 
Portion sensing with this system is achieved by deriving a ratio of t*o senTo 
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J a £° Q ? nd .rT eCtl0n Purposes. The servo tracks may be recorded using a 
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28a' 



26' 



26 
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29' 
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( 

1 

fc 1 -D(D h^yi/izmmZtlXLy— & • >\9—ls&Wfy 

«rEE16&#±©+>— # • >£X&3rftt3Ras 
*:«>©4>fc<£>bi^©-y— tfSSRO's v F&frU S3 

E-y— # • /i^-><£g-r^t)'\y Hw^-s^-r-s 
meant d a. ? haw^s^. -en&^n-Hbr. m i< 

E-y— # • ^^-^fcB-rsWBgttRO'Sy F©ttMfc 

WE8lJfca&«iWtE h ^ y ©«£8Sgjo TI^WCI 
T-S^F^mriB-y-— *i®DA7 Fft*ta^ft;-r5«k5& 

#&ft©r&|££, WflB^l*firAcD|fil^*tttr^2^© 
A©fa*fc¥frfcfc5fct-»«|;5fc£tr£i. ROWEtJ- 

©E»r^©Mf£Mffi2m©|l#|8H>^-A^£ft£U 8ft 

r»*« 2 ] wia-y— * • ^x—yimmm i #&&© 
Gi*©x h^-r ^5WiB^2*{4^©isi^©xh7'r 

ra eft*© 2 ^>©x f 9-t ^ffisKoD^m-f >^-n;p 

[»*^4] WEfl^n-^ti. flftExh^^tjift 
tam i ^fi:^©|pi^©«^®(7)ai^x F 5-f ^Jt-^fc 

-T^Ct, R^fBy^-^tt^^^-^-Vfr^oT 
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2 

[»*«5] ^S)-r^fi8mi3tS^©ggn±©^< t 
1 T3© V-yy *fcfi»**lfc-iJ— # • /^->fcR* 

fc*S)©'>^<<hfelt)©-y— jHRJaD^y H**U M 
' IB-y— ^•/^->fcM^-SWiESSffiD'\u/H©eSS 

*TfeMm^^%^-r-2»fc«e>©-y-3tf - ^n-?^ 

WEEte&#tcWLTtftE'\-.y F • 7-tf>^ij 

WE&gm^tfieoTMiBSt»7-fe>^u £ffq&-r-5£: 

lB^ffi#:±(cfa@$nfc^©-y— # . /x^— 

«t ^ TfitriB<a:gm^-tc*5ttsx^-$Mtij-r-2.fcJ6©^ 

z\tiz£.-?T, $<im-y—tf-7 ; a—yiz£.-oTt)'y>b 

7~ftm&2k-r£o\zmm-v—tf • ^ H«#^ffin$ 
&<®wi. ii-rzm&m 5 ke«©u— skww^x^a. 

stfE-y— 7p • /i^->«t(ffe h ^ 5, $ (Dm&mwi n 
«e^{cm^ WEes»^.y vwrnm h 5 y ^©«*«« 

*&^©(p)^$, me*i;5ffiA©iai**t|iMBJB2#fl: 
«©|6j#fcTfTfca635i:V»± 5 fc-^trc: t, ROfiWBx 
H5-f ^iBSE^l^AOf&j^cottfefflraa^X 
-f ^-^RWftic«< ^|B^ 2 #&;$© 



3 

[«*^8] MBit— *K • K& — >(D\s\ffl7 j —^*r\t 

'pte<ii'bi'z>com&o>m&<Di3i\,*m&7 i J~ • x^- 

X£#tf£<i:, &^MffiS#7U- • X^-X©lWB^ 
^lR]{c*5^^,ft/jNgtt^ D#&£i©fRj#©x F 7-f 7 

[»*«9i MB-y--# • ^-^©x^-^a-r-s 

WiB-tJ— # • A*->ttMBF^y^©<i§£«gjoTji 
^tfHcMtf, MB^ft^y F#lWBF7^©i|g£8igj 

mbx f ^-f ^\%^u< <tt>sg i^&&©r6j£&tfnt2 

£ TZm&m 6 tcBffc©-**— ->X5rA. 

-x^trrt, Rtft^sf^u- • x-^-x©ituB 

t»*^ 1 1 ] fl&BU— # • ^n-yox^-^fcHT 

s fc«6©^gmfifcfi^©«gl~>-^ >x s^tra— # 

ttffi^s^-r^i^tcsaiB^D^^ Hm-^^ffiw^-B- 
*#»t-rsm*« 5 tciB«©-y— ^sot^x^a. 

©X5HBJW:?>'b3K«Efc:»fcoTV>S»&. fflE 
ifjfc^fl 1 KB«©1*-#fW?Sl->x^A. 



< 3 > 8 - 3 0 9 4 2 

4 

^©Sl*W-' ttiCHLTifct&U MfBflJ^m^©X5- 

i#.t o < iacsao tsB-y— 

1 fcE«©tf- tffSOTv-X^A. 

1 4] MBit- • ^n-yofig^^^— jg 

tte-0-— sP-^a-^ttriBsgmo^-y f 

fittiSx7- «l©WK4Ufc l ox«tt£&:<@©<aig 
i0 «^©te^S^t3Hi£ftfcte-rt>oTg&3ft3;i<>::£ 
1*IS«h-r^»^ 5 fcB®©-y— #$!|«I->X^A„ 

[»*«i5] wee^$ns{a«x^--«8i^$n 

Ot***. S5SBU— # • ^n-^WfBM^O'N-y h* 
ttWtD'sy F«*tSJB£T*)fc«>© 1 oX««£!tf@©M 

»<a©3E^«-y— # • T3-yt, 

30 mBA%3ttft£l&0ttCflr9C!)tt&. X^— ^g|{37i 
8] »»f *««BflH*Efr©*B5Ji©d>a< 

t i ^>© h 9 s/^»cB®$nfc-y--^ • 

*« « & * k «rB*sj u raft's >y f ^{4fio*tt 

fc»©i>fe< tt>l^©-y— 4«MPR0^y F&*U M 
fcj&©^s/ F • 7-fe>^"'J t, 

fltrBSKflStD-^u/ Fm^SStt, -^n&^rj— HbT, M 

mBBISttEfrtCHbTiilB^y F • T-fe>^'J &feg^)' 
StfBfirg^(cSl£oTWB#SfiT-t:>> f U ^f^fb-T^fc 

»e>©-y— ^ • 3>hn-7t, 

50 NeAy F • 7t>^'Jttil>S;<tfeio©7 : - 



(4) 
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im&m i 9] sKiB-y— • si?->*stsmmmkm 
#©-y— h^^©^^-©^-^ • h^^© 

CBsftJg 2 0 ] 1 ^Xtt«ft«0»»b&-S— # • h 5 

yir&i-2X\tm&m<Dy—# • nx'^TSti 

fc^ti-suM^ i 8 ice*©*— tmm^^jx. 

[§t*^2 1 ] 1 o©-y— # • A*> Kfiig— ©7 s — • 

h 5 y a <t o -b*i£v> z. t &ftmt-rzm#m 2 0 

[B*«2 2] mm-V— # • 5*n— ^ttu-— # . 

RtftEX h 7 r Bi!>*< t fog 1 MA©|S]f 

[St*® 2 3 ] jt&fB-y— # .^;5r_ > . xh5 ^ -/^ag 
1 Tj&A ©l«lt*©tt£&:<@©»jj£X h 5^ f^^1tif)V 

— ?ikzf^n\ztffi< mats 2 ^&n<Dfai^(D^si.m<oM 

i-T^»*JB 2 2 (rfS«©-y— #Mffll->X^A. jo 

^fagatt^jio-y— # . 

ta-y— * • n*->tznT&mmmw>*\y F©&fi£ 4? 
*-r&«m-^sr^-r-5fcj&K>-y--5p • ^n-^t, 
mmmmmzmLTmm^v h ♦ r-t:>:/>j£&©t? 
ii2><koizftm2tx2>&m7±>7v 

Wei*—* • rt?->\mmh7y?v>mzmw-DTm 



WfB-y--^ • T^n-^o^n- Ff.5;fc«>©^att, k 

sax h 1 ^©«©[6]#©«sc<@©a^x h 7 

» 1 ©(fij#©«gc<@©a^x h 

0 fc f *nt«< 2 ©ipj#©agcffl©a^ 

-y ( c«fc o r^tb »t«b^h«i ? 4 -7* (cj: o t# 
«anfcx h ^-f ^flrr-s-y— # • a^->^ 

5»*12 4 CiB*©D— H^Um^TsT-Jx. 
*^2 5 fciB«©-y— *MivXfA. 
-x$#ori. R^iffBM^XU-- X^-x©WfB 

^&Xft\z%>ifz>m'h&\tmcjj&M<Dfa%cDx h^-r 

S#®«»:T^W*^2 5 tCfB«©-y— THttffllvX^A. 

[»*^2 8] »caaGi»©«iii->-^>xo«yt^ 
)v— ^\tm— ©*&A©rnj^©x h 5-f y^tf d t& 
-^ic-^*nfcsc<htts^sis©x n ^s^tf c 

A. 



[19*^2 9] ftrfE-y--/}? • ^n— ^©T^zi-h-r-Sfe 
«6 © ^© ttM © x h 5 -f y © if)],- f \ z % ifzfetu $ n 
X h ^©SciS * -7 > h C t «fc o T/t^ - > 

#mt-rsis^2 8 {ctB®©-y— jrwu^xt-a. 
cw*^3o] «re««»»©tiai'>-^>x©i/\^ 

— >MS8«|g 1 ©|Sj^©4-ZJ©x h7-f -7<D!f)V—7, 
■?"tltC^<|g2©r6j#©4-^©x h^-f:/©^;u— ^, 
•5-tTtc^<|g 1 ©rnj^©5r3©x y©^;p— y, 
•?-n(c^<Si2©(Rj$©5^©x h^-f y©y;p— •?] 

&Zf&?)\,-7<Dmz£.VZ>m&7V- • x^-X^i 
tf2:t*W«i:-*-*BI*3H2 8 {C|B«©U— ^MfflI->X 
PS:^ http://www.sughrue.com 



< 

(5 

7 

l&u— h7^au^x««&<@<z>-9-# ■ h5 

im^m 3 3 ] 1 OOA> KrtOS9l3E««(^±(DBIS 
o^SBttm l g>|pJ#©4ocdS8Px h7-i , ^CD^;i/- 

^2^M<r>m^umm/^y^am^y')~ • x^- 

Xl£<fc -o Tftffi-ZtltcBittJjitilco 4 imf 5 ^(Dz/x.? 
d >©*^£OI<<- J; 5 fct&EM> K©«t»&lcH 

*#ai-rsS*«3 3 IClB«©-9— 3j?W»v'X5 i A. 
fc^M^S:«E«-r^>^ <h&#®t-r^^^2 4 fcffi 

[^^3 6] mmmmmmtftim-v— # • a^->^ 

tTSlfjfc^ 2 4 ICEftW+h— #IW»>'X5 : - A. 

fc&©^ft<<hfcl^©1f-tfi£]&0^ F£WU fift 
fc©©^ F • T-fe>^U t, 

WEIMlDAy F«#£SW\ -enSTn-HUT, Aft 

B*- # • /t*->izmTz>m®,mir>^y F©&e£ 

mEmmmmzmvxm^^ f • T-tr>^u€r&^ 
nz>&o\zvmi*nz>&m7 : te.>-7*) 



I HW8-30942 
©©If— # •3>hn-7i> 

ffiGBtts&tittiB f ^ v $ vm*wm^-(:mm\zm 
if. m&mm.-^ y f^me vyvz com&mw-o x&m 

*-# • 7 hS'f^iMSt^c t. Rtfiift 

EX F 7'«^< i t»JB 1 3r&ft©|njt*&tfff§ 2 # 

&*s©in]i*£, mess i jj&ft<Dm&7t>mmm 2 
wex H-f yum.w.mo^mmv^y'ir^—y'^ts 
©#&#©|B]#tcxF:7-fy£;fru SftG^-^teM 

[»*^ 3 8 ] MfBU— • >\9 — >C0X b 5>-f ^05-9- 

-^flffllxX'xAo 
[sS*^3 9] 1313-9— /t^ — >09[^»| 7 ^—^^ 

-x&^-trrt, RytfifBM^^'j- • x^-xoDitata 

&&%ft\zS$VZ>m±&&MZ.2> d t, 
*#®fr^>»^3 7 (CtS«C0-9--#Mffll>'X^A < , 

^«3 7fcE«0-9— ^ISyXfA. 

h5y^aU-z>X«»|«lCD-9--itf • h5 
• A*>H£J§aa-r*di£*M8£f-5W:£3i3 7 tr 
E«<7>-9-— ^ftfffllv'X^A. 

[»^JB4 3] looy\*>HrtcoPSbfc-9-2}5 • h7 

■r-5w^4 1 \zmmov— ^mm^'x^A. 

fcltl^^ tlti ^ i *#Sti t^if ^ 3 7KE 
«©U"-jpft(Iffll'>X5 i A. 



v 

(6 

9 

im#m4 5) mmmmmmmm-v— # • 

"\y H • 7-fe>7>J. 

[i*«4 7] ^ v&msfaizte^mfkmnmm 
&&mmzfem&a>y— # • h^y 

y7ffi5M©fi}E*&#ipjf;:*; 

» z> m'bmmtimm* rottic^ ^ y 7<e> 

y i r«* 2 *e^oipj#T^r-r-s «t 5 cm 
e^y y ^Eisnti-^ c t £*H8frsiM$B4 

7 fcEISWU— jRWEkft.'Sy F. 

v 7h<d 4 mss**, c tz&mt?2>m&m4 7 \zm 

m<DD— tfW&frssy Ho 
[i*55 0] ^^-^©EIS^Igl^XT-Af:: 

FfcLT. 

7 • y ^ft^'J y S?UT«MHMMI«JH**/t— T 40 
fe-grtr-y— h. 

©7o ^ tcMtXTus z. t t-r zm&m 5 0 \z 
im&m 5 2 ] fflmmfkmftmnmte^tBtsiffi-v&z, z. 



^M^FS - 3 0 9 4 2 

K. 

n t s^mt-rsst*^ 5 1 ICE«01*— 
y Ho 

Sr#^tT-5»*^5 1 fcffi«©lJ— jR^ii^y H. 
'Sy H. 

i cE*©-y-— h. 
cw^5 8] MmRm&m\tti— z.t&& 
ttt^i*i5 7iciee<!Du— h. 

[sSjSSI 6 0 ] lWfESfiM4*m«N iFeN/FeN« 

^^^trcii^mfr-s^^s 9 tfemo-y— 

a*^y H. 

7«»if^^ k^^-rfigfii-r -5SfiStt/ix fc«t o rsg 
o-y— ^s^^-y h. 

•5»^6 1 lZizm<DD-~tfW&%-'\>y Ho 

> & * U $ ■& 3 fcJ&C7)fiB5fC£?£3i-r * ^ y 7CD1J- 
-^•ii^-y Hi, 

#^ L TMEE««# -L \Z WJULmteom ? - > £ g n M 
IZMZS, D— tfmWlD^y H#t-tf— ^ • H^>y^cDi®^ 

ns-y— aKKiso^y Hm#*^k-r-s<t 5^-y— # • 

-Y7tt^< tfcmi*fi:AcD(p]$&ut^2^fi:^i(Dfo] 
^E^i^&^©[6j#*ttfrfa^2^A©rRj^{c 

*#lSfr-=i-y-— jji • /t^— >»a^gBo 

[»*^ 6 4] StrE-y— HCDHgCCD=P* «y 



11 

St« ©I& ©|fi]£ tee^tt £ tt£ JI t <t-r -5 

atrial*— # • n^-^^-r**;**^ v-?v&.<n> 
n— r ssshs ^ ^ ^ t . 

*^-tJ^t$#ISfr-5»^6 3 tcE«©-y— # • n 
S-^Ol—^ttlg 1 ©ftilf ©«&<@©»8U h -zTBttt 

**\\z®.< m 2 ©rS]i§?©«&<@©»Kx h y^-r 

£4$f8£T-2>iil5j^6 3fcB«©-y— 

Rtf l^©JlJ8K;fe^t3^fc< < hfcl:^©^;^-:7• 
ttffi©;7-;^-:7•^;:-£^i;n/fcX N7-Y^©Si«S^-5gc 

^nizffiKm i ©r^© 5 o©x h zf&tnis—^ 

-€-tUC^<^2©fSj^f(£>5t3©X h^-f :7°©£MI^— ^ 

[ff*^6 9] -y— # • )\$— >£-y-— # • h^y^t 
E®£nTj£D. -y— #«|fl!to^y K**WEU— # • A 

O^y H«^^^$-&^,jt86©m^E1S^#:{CLT, 
frit, 

WEa*s^«s9E-y— # • h?y? om&mvj-o ra 
^wicMrx. wE-y-— tftsiao'Ny K*<-y-— 
^©n^^oT^gd-r^r^HifE-y— xmrnv^y ^ 

^#*^fc-f &J:5;&-y— # • a^-> • x h-^i* 
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**«ltE» 2 #ffift©WS fcSFff.fcfc 6fc H «fc 3 Kd 
3k fWESg l *fi:A©r6i^tc«Sci@cr)ai^x h- zfW 

o fc ^StX-g-n fc«^T» 2 CDf6]# (C^gc 

10 -fy**-rs^jp-^fci23ajsti, -y— jfi-^n-^c 

± o T^ai Bjmtzmm? * \z & ^ T^m^n* z. 
tzwmt-rzm&me 9 \z&m<Dmm&&mfr. 

tuEHSI^^— ^^tt^< ife icj© 

c^saES^xu - • X^-X©ME^^rfij^*5tt^)* 
/hfifiK C7jffi^i©rfii^©x h ^< ycD^;u— ^rt-ctJ 
Effitt©»S£ L fcS^ffi5Pfl©rtJE^Sl7J(p] *3 tt -5 « 

ftWStr*»*«7 0 fcE«©«mEfi8M*:„ 
^ [»*^7 2] WE«liJl#->- dr>X©#^«JttX h 

^©^H©^;p-^$^trc: t, 
^^U-^ttm— ©^^©Iri^cdx h X' : £-§-tr^ 
t. Ri^i -o<Dmm\zio\f^j>t£< tt> 1 o©^;u-X" 

£#@<hT-5w#3i7 1 \&m<m&fEmm. 
J e-ti(r^<^2©fRj#0 4-3©x h5-f -7<Dif)i>— 7, 

30 ^tVzWKm 1 ©|S]€r©5ocDX h7-f7"©^- 
-€-niC^<^2©fpJ^©5-Z)©X h5K:/©£Ol'-:7\ 

tr c i *w»tr*»*a 7 2 (cE«©ttftettM^ 
©fi8aE«a^. 

yaffil -DlLWmm^— • A*> c t 

*¥fmii-$z>m$mQ 9 irE^rofismE®^. 
yffiHi;t>©T?*act*i«RfrsaijjiJH7 s^e 

©©fiS^EttJK^. 

7] l-=»©A*>HF«g©P^bfc-y— # ■ H5> 
y 1 ^©A*> Htr*ltsr^T©^#^A> H 

(C*3^TffiS©©j^Ta&^/-?^— >=£-^ti > ^ i <t 

ts««« 7 5 cGieH^tem^ 
im&m 7 8 ] MEEig^±<D 2 -305 h ^ < y ^ «-y— 

# • A*> HS:. WE^77|pJfC43tt^K/\*> H©^DC 
50 «lxTJ**WK»j«rsiit. 



( 

13 

©ra$ttg!l ©ft€r©4 0©«|JgX V =? 4 )\,— 

<Dtf)v-7. ■ ! tnizifa<m2<Dftz<n5-o<DnMx by 

X K<k o T^gSS nfcKM^lfiJ© 4 O&tf 5 :3©->x :/ 
£4^tT*at#^7 7{c8B®©B^f31t&#. 

[»*^7 9] i!tffei2!£&#ttiMr8Bi}— # • A*->at 

fB&3ttTj£D. -y— «DA5» b*#S5E+>-— # • A 
W8B-S— • >XS# 

trcong&mw-oT&m-rzmftfimy— xurnvw bm 
•^■^•ft-r^.tdfeij— ^ • Hp— > • x by^y&m 

WfBX h9-f ^«^< tt>mi*fe^©fRi^Ro:^2 
WfB-y-^^-^co^^ttffi&fico^&^coifij^cDX h 

CH*^ 8 1 ] jUJfBX h7-f ~7V>-Vr7>f)V— 7\$X b y 

-i 7(Dtt&-g^ mmtt<?>&* \tm 1 :#&a©i*j;*©x 

b -^RXm 2^&^lCD(p]#c0X h ^^tJ^ £ 

[»*58 2] S(IEBIl»X^-^-v«^<i:=t ) l^05 
ffittcO^CO^:V^^7U- • X^-XS^tr^i:, R 
#MfB>I#7"J- • X^-XCDfJfB^&^faK&ttSjl 
^gti^C^f^coiSj^cox h 5-f y°<D?)V— 

8 oizfem<?>mmm&m#. 

[»^8 4] 1 -3Xtt*ft«0D»»T*-a— K5 
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yi/ifll ^Xtelgftfg©-**— # • • A*>K£j£ 

[M&H8-5] l3ffl;t>Hft©|»t«-»- # . h5 

«©®«IB«&#:„ 
[tt*B8 6] locOA*>HrtcoPSLfctJ— # • h5 
s> ^ tt, 1 0©A*> Hfc*^«-r^T©^*«^/'?> H 

®<fr-5W*«8 4 K^Ofi&UEttKtt. 

Kj&*jg#X U - • X^-XK«fc-pT#BI£tt;fcH#*lp) 

©4o&z/5o©^ 3 ryD>coajKf;i— ^^tr^p 

[§f*3i8 8] «riBffi««#:tt^|B-y— # • A^->at 

ttzmjms 6\zmm<Dmf5.mmm#. 

^-Xx-Xf^cfc^tCji^L-fc*- h U 7^ • A<7>> 

tfrtB*- h u v 5? • A-^iJ^^tciRsfi^nfciaaiT 1 — 

X"iBtS^<h. 

WfBa*M^«Wf3-y— ^ • h 5 y V ©ffi^^^J-p TiS 

? <Dm*mw-oT&mTz>mMiz-v— ^wkn-^y bm 
ntf&fc-rz^otz-v— # • a^-> • x by^yzm 

WIBX h^-f P r tt^< tfe^l^fi:^©|pg#^yc^2 
^©^©16)^^, B5fBSIl^A©(Rj#*tt5fB^2^fi: 
^©l«]^tZ^ff{c^e^:^J;3^^ct. RDtmrfBx 

h 7itmms& i^&ft(Dits>&izm&®v>mffix b? 
-i ym-Dfci/jv-yRu^nizm^xm 2 ^ft^©^ 
\zm&m<D&mx b ^-i zf&m^> r^if)v-y-vmm^n 

im&m 9 0 ] wibx h 1 ©r6]€r©is^ji© 

»^b^-c/^-r^if)u-yRz^ttnzm<m2(o 
fa%v>Wkmv>mwi* b ^-f ^^rr-5^;i— y\zwm 



(9) 
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fiS®©^— • fl— h U y S?. 

&tt©^©&^®&:7U- • X'S— X£"g-frd£ v & 
tfl»iB>i#X U- • X^-XWfflE^&^lnHcfcttSft 

v. 

[»^9 2] l»E«8SM&->— ir^XW&A^-;^ iO 
Rtf 10©^»K:fctt5^ft< tfcl^©^;!,— 
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ii*i9 3] mm$LW»<r>mmis-' 5r>x©£-A* 

— 1 ©JoJ^©4:D©X hy-f ZfCDifJU— y*. 
^ft»CS8<^2©|tO£©4:3©X hy^y*©y*;P— 20 
^n\Zffi<?B 1 ©|Sj^©5"^©X hy-f -?0)tf)V— y*. 
•^-*"U£iS&<^2©|pl^©5r>©X hy-f y*©y*;P— X\ 

tfJltS#»fr5»*JB9 2fctB«©y— X*- 

•J y V 5 . 

[St 9 4 ] 1 ■3Xf4*ft«©S|*-r-5U i -# • h y 
y 1 ^XttSfte©-**--;*? • h y y y- • A> H £jg 
J*"r*H£«W*£-r*»*JB8 9 »CfB«©^-X" • # 

— Ml y$*. 

[»*«9 5] 1 ^©A>Krt©B¥8rr -5 +)-—#• 50 
y * »n i; *>©-?&£ n t £#18 fr«»*JH 9 4 [c§B 

[»*S96] l^©;t>Hl*3©ISiL&D--!H- f-7 
y # 1 o©/t> H tfett-5-r^T©S#*t^A-> h 

©iH««SoT»^**3fc:tMB*«35Fffl© 1 o©«i 
\z is t > r =te s © ffiiu t? ab -5 / 1 ^ — > tf d £. £ £ 
-T ;JcJ5t 9 4 KE«©5B&E1ft«#:. 

• A*> F£\ WfBS^(pJfc*5lt^gA*> F©*^lc 

#h5y^tt«5g^-^r>x*^*., &ft^>-y->X 
©J^SmSi! l ©|pj£©4o©ig}jgx h7-f^ojf;i/- 
y*, -5-n{C^<^2©(pJ^©4^>©^JgX hy^f y*©y* 

Ji'— x*. -?-ti(ci^<^i©roj$©5o©^^x h^-f y 

©yMl/— 7\ ■ ! tn\zm<&2(Dfa%<D5-3<D&MX Ky 

* %.zf&tf)i—-?<Dmz±cz>m&yij 

— • X^-XSr^tfCli, &tflKrESgl;S{iA©fa^R. 
tX^2^fi:ft©|fil^tttyf2A*>K*^^ 7 ij — . x^<- 
X t£ ± T^mStlfeS^loJ© 4 ^Rtf 5 ^©->a: X 



Sr!RffS:<i:-r-5W^9 6 fC8BfS©^-y* • # — h U y 



Ii*59 8] U— tf^D'Vy KfCHbT^®)T-5^ 

^S§^$it-575:Je>©-y— • A^- — >Sr-y— 7p • 
y-fCESStlfc^-X • I- ij «y ^fc LT, 
MElf— # • A^->tt«5fcB&©«gi->- y">X£# 

MEBSSiji^tetiJiB-y— # • h ^ 5, ^7 ©ifgSr^^Jo TI 

s&wtMtf, iniE-y— ^sto^-y K*«-y— # • hy y 
^©ig^«i«oT^»-rsNptwiB-y— ^BBRo^y h 

89EX h y -f 7\1>>ts. < £ *>m l irfi:^ ©ipj^swrm 2 
*fi^©|6]^5. WIBmi^ft©(fij#*SWIS^2^fe 

a©i6jfrK¥ffK&Sfc^<k5K:-£*, «^c©©»i^L 
«[fB-y-y^-^©&>!r«Sg:fi©^^©[S]^or) X h 

[S^^ 9 9 ] *9ibx h X"©-y-y i'^-X'ttX h 9 
-fX*©MSr#^, MfB^©&^tt^l^fi:^©[fi]#©x 
h 5 -f 7Rttm 2 *&A©fBl^©X h ^-f X'^tT d i; 

*#^t-rs»^9 8\zmm<D9—y- *~hj? 

[»*H0 0] WfB[^»!X-i'-5 1 ^tti!>^< tfc 

RCXmffBS^^'J- • X^-X©WfB^^(p]{c45^ 
C^-fift©rfi|g-©x h =j <i -y<DifJl— T'rtT 
f5Effitt©a«i LfcS^ffi a^©WSB^*(R) tc*3tt-5 

sr#® t-rzm&m 9 8 ics«©^-x* • h u >v 

1 0 2] 1 5Xti«ftfi©i»t4U- ^ • h 
7 y 1 OXflttSfiOi}- • h 5 y ^ • A> H* 
^•T-5dtS:!^mfr^ffif^9 8tCf3^©^— X" • 
#-MJy>>„ 
W*110 3] l^©A>h*F«g©g|»-r-5-y--i}? • h 

5'^BBCfcfflmct£#tinB^i 02 

(ClB®©^---^ • h 1J y i7„ 

10 4] 1 ^©A> h*F«g©BiaL«:-y— # • h 

^y i> 1 o©a-> h iz&iizT^Tvm&tmrty 

H ©« Sr«t^J o Tft^-r S «fc 5 iWfB^&^lfi] (r * lt^> 
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&m ii-r&m&m 102 \zmm<z)^-y • ti— b u y 

ft© 4 osa: 5 -zxDi/x.-fn ycomt^ifJl— zf&&ts£. 

Ct5Mtt5»*«l 0 4 KESc©^ -7* • h- 

0 6] 4>fc< tfeloCDD-iK • K5i/^± 
lc-tf— # • A*->£ES£nfc&SEii«#<!:. 
fWE&^E1tg£#:£ra^'\>.y H • T-t>-7V\zMVT& 

tctsgsnfcWffiu— ^ • rt?—>*%m.z>itsb\zK.tf 

]Mgra§CE1t8«fc© h- 5 y $ fc*3 l^T"?— Srgpfc 0 

ltaEJK^E1i:8«*:© h 9 v 9 -tW-#mm&U®.Z> 
®CO'J>fc< t% 1 r>©U— sHKflStD'Vy F 

SflEl&^E1tj0H£©^®©4>;S: <tt>lo©h7»/^|: 
trU— jff • A*— >j5>558£3ftfc-y-— #«WtD^y K 

niKmxmmtmi bvv? om&m®-? xmrnrnzm 

IX, S9E«g^\ y H ifiHUfR VJyif ©<f o T#ft 

•9--* • a*-> -xh^ ^s»j«-r* ct, 

;?/&£©|B]t*£, ifrEm#ttft0ffl##fflineaS2:#tt 

n -fists V)v-7m**mzm.< mmm 2 jazftvft 
£©ig&te©a«gx b^-i )v--?nmmzti 

fiWRt-rs^-^Ett^T-A. 

10 7] ¥-©l«m©gjBgX h y<D{f)V~ 



ao) ftrwws-a 0 94 2 

-ft tioT^sn* c tswstt*»*s 1 0 

6 CE«©5 i -:5'E1fi>'X5rA. 

«rEffitt©^b&a»4i2m©iirffi^jft^|6iicfe^J5 
10 £#®£-r*§t#j® 1 0 7 fcE«©?-^E«^x^ 

[M*9U 0 9] WEd^S^'>-dr>x©#y^-> 

S-^— ©^Fffi^©iR]#©x h7-r^#tre 

l^©J^Jflfc:mt£^&< ,ht> lo©^;W— :/ 

©Xh5-f X"^tjet, 

10 8 tcEfcW^-^EH^X? 

A. 

^9 [StjJtS 110] SJEit— • y^=i—yit 1 ~30>n9— 

■f 7e>ifn<-7\zi$\,*T&mt!tiitx b ?1 :/©&£# 

0 y h-rs z. t fctox^sij-r-s c t ^tatt^B* 
^1 0 gtEftw^-^EIS^xf a= 

1 1] ilB«*lf©«Sy-y>X©#/1 

^ — >«S8«?g 1 ©(6]^©4-3©x h^-f^©i/;w— 
7\ -€-tlt;fii<Sl2©lpJ^©4C)©Xh^-f y<Dif)V— 
7\ -€-tl{dj^<^l©(p]^©5^>cDX h^-fy©^;P— 
^. -?"tl{Ci^<^2©rB]^©5 0©X h^-f -fWfr— 
30 7". W§^-7"©«l;ti;51i7'J--X^-7, 

*^treit^#^fr-5»^i 0 9{cE«©^-^E 

1t->Xf Ac 

[W*^i 1 2] «rEra«§7^— ^-vttsaE-y-— ij?®® 
«« W©f 1 0 91; 

EtS©^— ^Elftv'X^A. 

[8i;*jsi 1 3] 1 ^xum&mnmm-r&y— # • h 
7 ^ 1 ^xa«si©D- 7p • b^yz • ny 

«5jrr5£i£!|#&£-r-5gt^l 0 etlBiCf-^ 

40 [Ii3fc^ii4] 1 ~D<Dny KF^©PSt"-5-y-— • h 

7y^«^Ut>©T?S>SJli:=£:!ltm«»:-rSB»^l 1 3 
tIB«©^-^|Stt->X^Ao 
[»*^1 1 5] l^OH^fflRglfc^. h 
1 13 © A* > H tC*5 ^•5"f / ^T©l#?!|S^A' > 
H ©i|gSr«|^ o Tli^t £ i: 5 SJE^^IpJ \zO> -5 

1 O (DU \Z *3 V»T*S C MM VTz. - y &&tS Z. t 
#®frSsf*^l 1 3{cE®©^-^Ett->X^A. 

tm&mi i 6] maEmm»±a>2'Dob9vififl9 

50 {rMLT*fS;Wtc^-r-Siit. 



(11) 
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- • x^-x ftztmrnm i Rzsm 2 

SIS ft/fc£*WfS]© 4 ORtf 5 00->i^D XDWMiif 

z&witL-r&smmi 1 5 icEmo^-^Etts-'X^ 

A. 

^tzmmm&\ztti&Tz>-v-—tfffimQ'\y bfrz&mn 

<h£#®i-r£iit*JBl 0 6 tcE®©^— ^Et&v'Xa" 
A. 

[gs^i 1 8] m&&fflm±\zmmv- # • nz- 

0 6l£E«©-r— ^Et&v-X^rA. 
[IfjJcJBl 1 9] 4>&< tfel^)©-t)— # • h^^Jb 

tcE^snfcStrE-y— - /•<i?~->$ : wffl.z>r£tt>\z%.xf 
u— tfm&vw \ t m^&&&?2>tzit>\zffim&m-?z> 
&9Lftfem#o&m\z-\-ft\ZT&mvT&W}-tz>z\t. & 

B:tf»&tJ i ;£i!6©4>;ft:< tt> 1 ^>©x— ^ • F&tf 
ftfEfiB^E1&!*#©«®©4>& <tfel-3C9h^-y/7t 

-cME-y— # • rtt>— >\zmtz>mmy— •$mw\~, 

f»E4fc««*tef£o TMfB^7-fe £f£S4£-fr.5 
•9-— 7$ • 3>hD-7t, 

flME-y— * • T3-^SfS#cDiIy-y>x^ 



- 3 0 9 4 2 
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mzm^mmtmm b^y? ©4i£«gjo xmmm\zm 

if, BtrSBam^ v F**lufE h 7 ^ ©li&fll^o T^id 
■T-S^flc^fB-tJ— #M1DA7 Km#*^Yt-rs«fc-56: 

-y— # • nt?-> - x h ct, 

fflEX h 7 r tt^< t 1 ^^©ft^RtfSg 2 

*&ft©ifi]i!?£, Wffigli^&^i©iej#^ia^2*{4 

•V t'<fc ■? T^Stl-5 CI £ , 

t-r s x-^ eis^x ^ a. 

[St*Sl 2 0] 'J>fr< fbl-jW— # • h^>y^± 

fl9IBa^>y H • T-fe>^"Jttt5IBJS»fB«««:©affi 
fctBSStXifc^fB-y— ^ • ^^->^^^fea6(CS;^ 

MfB&^fBltl&ft:© (C^l-iT^— ^ 0 

$ismmmE.$km#<D b ? v v ±<D^~^m m&mw.z>it 

fB®$nfcH9IB-y— 3^ • A^ — >Srtt5t-5fc«6fCt5f3^ 

ttE^y H • 7-fe>yiJ£WEB»Ett«#teHLTffi 
WE&S«^lc^oTWE^T-fe>^U ^f^S)$li-^ 

UE-tf— # • ^n-^tt, »EE*«#:±K:E»an& 

M£-tt5J;5&iJE^IRD^<.y h*m^©/t^— >^{C 
«t-pTX^-S:^tb-r^^:i*©^g=&-g-^ WE«#*« 

x5-k#^it«iiu^:u^^ strE-y— # • fa-? 
«x^-«ffi^s-r^t^#^<h-r-5^-^Eit->xx 

A. 

[IS*^1 2 1] flffE-y— Jtf • T3-^©l7-&«ffl 

T^.fcJe>©^S^^WIBlSB7^ -^-v &$tr«*9& 

©^s>—^>x t tD^^-y— ^ • /t^->«iftffi're 
so Mffl-ctkcz>m&(D$k$:J}'y>btz>z\ t.msmmm& 



(12) 
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Sr#S4fr^.^*«l 2 OKEScWrr-iS'Etiv-X^- 
A. 

[»#3t 122] tatB-y— # • x3-^c7>x^-^ai 
mteaHca^MtMte h 9 >y * ©ig£«gjo -rasswi;:® 

iWEX h < t t>|g 1 ©ft^Rtflg 2 

*ttftO«l**, lWESgl:mfc©fa#a<iftESg2;&ft 
:fc©ft#f;:¥fTK&S>fcv><i;5£-^tr;i<i:. S.tfi!3EX 
h 9-f ^te^ESf! 1 Jj&ft(Dft&lzm8;ffiv>&MX Y- 5 

S:#ISi:-r^S^l 2 lKEKW^-^EItvX^ 
Ac 

[tt^i 2 3] sata-y— * • /tp-xDmmy-t-?- 

f < t 1 ^©ffite©3I»©fc^jie;:7 u - • X 

^-xs^trct, s.tfME®&x'j-- x^-x©t5 
tB^^[^fc^it^^/hs«i5n;^fe^»rRj#©x h 5 

-f ^<0^;U-yrtTMfBStt©a^L.^31#ffiSPfl©M 
E^&#fttC:fett3«*fi£iB;L.5 r t. 

SiStttSK^l 2 2{CfB«CD5 i -^IBtS->X^ 
A„ 

[ffit#^ 12 4] SUtB-y— # • ?n-^©X5-£^tti 

WiBm^s^ttMia h7'^ ong&ffiw-o xmwcmizm 

WEX h •fMt.'p-ts. <tfc®l *&£|©lRj$&tfSfl 2 

*&£i©ibji*&. S9tami*^©iR3#^«rlB^2^r& 

^Wft^tCX h^-f ^&*U ^IB^Jl—X'KWIB-9— 
1 2 1 JcE«©^-*Ett->X^ 



8-30942 
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[ffljR3il2 5] tf-n?-><DmM7>(-?- 

* it'j>tn< l i -z><r>m&v>m&<oti.^m®7 u - • x 

^-x^trrt. xitttra»7U - • x^-x©8a 

fB^^|pJ(c*tt^,ft/hg«|^U;^^ W [Sj^05x 

1 2 4 tCtB^W^-^EBIt^X^ 

i<? m*m 126] wiB-y— # • fa-y©fiti^H- 

a©fi£#3K WIB1J— # • ^n-^t^HBKKD^y 

©Mtt«riax7-«|g©M{c^c^: i oxiisitioe 
e«^©^ est 9 ta^tifcffiTfeo xwrnztiz z. t 

2 OfClBUW^-^fBtSv'X^ 

A. 

uram 2 7] MEife$n?>tttx7-«i^$ 

©&g«^©fiT&*£<h£#£*£T-5sit;Jc5Il 2 61: 
20 IB«©^-^fB«->X^A. 

[tt*«l 2 8] B&fa+>— #*W5'X5 l Att. 

WIB-y— #W«!^T-Att. J^*$nfc^a©fi:M«^ 
©M^, x^-«S|(c^Vi 1 ^Xte1gI!c<@©Sft:S&e 

mfrzm&m 1 2 7 {cEmo^-^iBie^x^A. 

[SMtai 2 9] ^< tfc io©-y-— jj? • h77?± 

Wf3aatB1tJ«#:S:eSi'\!y H • 7±.>7V (ClHbT# 
40 frfBSSnfcttfE-y--^ • >Sr^«>fcs?){cXO: 

■y-#at)A7 \ i mn&m<kTz>rctb\zmm&m~rz> 
&mmm&(Digim< l z-\-ft\z5B:mvT&®-r2>z.^ r 

^fltrEfiS^CfBlt^#:© h7y^ iz& ^Ty*—? *WtM K> 
RZfimyLtSfcit)<D'J>tj.< tfe l ^©x— ^ • ^^y; 
WbB^IBS^© h7-y^ ±©-9— ^Wffi^^^fe 

»©^< tt>io©-9— #mmv\y KS^tr^t 

MfBeS^tfBltH^:©^® ©i!>^: <tfel-^©h^.y^jc 

50 m?zm&®&im<Dmtt\zm&isTm&mm.^y h* • 
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if, fftmmm.^ v oym&ffiw^ x^is-r-s 

WiBX F^-1* < £ fcSI 1 #{4ft©|6]i§r Rtflg 2 

[■1*9! 13 0] tJIB-y— # • y'a-ycDy'u- Ft^ 

fcsexD^atttstam 1 jj&&<ofaiz(Dx f ^^sj 

fBKi 2 #&#©fpJit<DX F T'STODMia^ D A. y 
Fft*tcDBf HB^I* AJl/Rtf H C|fi]#CD 2 ^©X F 7 
■i -7lSMffl<Dmffl-1 >?—/^frcDit\z<G£-?T&Wm^$: 

%Qi?z>z\t$:®mffz>m7ftmi 2 9 icts®©^-^ 
ets->x^A. 

[W^l 3 1] jrtfBti— ap • 5*3— ^©^n— Hf* 

F#>&<z>flre&tfttiju ^2«titt^t, 

fcJS*S#&M«-r^Ci:<£#mt-r-5^*^l 2 9C 
E«©7*— r^gBtSv-X^A. 
[«5jt^l 3 2] 4>&< th 1-ZXDD— # • F^'y^ii 

msm&^y f • 7±>7v\mm&mmmitv>mw 
u— ^5tD^>v FM^^^-r-5fc*fc«rE^»j-r-5 

^aiB«jS#:©*®fc+ra-ftjfiSbT»K)-r-5^i:, R 
tfftirfBS&^iBltgW*:© F 7 y {7 fciJ ^Tr- 9 0 
;&tf»&tr£:#)©4>;&< <hfc 1 -Da>=r—5> • ^\>y F&tf 

wtBmaiB«a«#© f 7 y ?±<d-*)— #m n&nwzrz 

$><D'Pf3.< tt> 1 -dco-v— XffiWiQ^-y F<&-&trr t 



< 13 > #BB¥ 8-3 0 94 2 
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K&^nfcSatB-y— # • A^->£^5fca6Cj!ufB:f£ 
ft-r^«^IB1S^CDSffi{C^SbTSafBjSmA^ F • 

xwe-y— # • /t^->tcn-r-5MiB-y— tp^d ^-y 
F©&®£8-r&®«^£5g£-r-g>-y--# • 

nnm^y f • 7-fe>^«j &mmmm.mfemmzMVT®. 

Wrefi:Bm^{c^oTtfrtB^T-b:>^u £f£gj£-a-5 

WIBa^-v F • 7±>7V\Z'Pfr< tfe locf-j- 

•vHofiiSStLTtitUfc^. WE-y— #BBRD 
FttSfc&HT 1 — i'ltOAy F©4@©¥7>«i:D/h 

im^m 133] saia-y-— # • /t^— >£#iritiriB-y— 

J£t^t^tt4i*]ll 3 2 fCfB«09^-iS'Eti 
[sS*^ 13 4] flffEEti^ft:_h(D 1 OXtt«^<@CD^ 

>F*^TS^tS#®fr^,B*«l 3 2ICf3«© 

^fB1S^X-xA. 
[»*^ 13 5] 1 ^)©-y— 7^ • A*> Ftt*— ©t 1 — ^ 
• F7.^^J:Dfei|®iSt^t&#^t-r-5»*«l 3 4 
{CfB^Ox-^EBIti'X^A. 
50 [»*^1 3 6] Mta-tf— # • r^-yv^n- H-T^, 

Z.t. 

WfBiS^il^HBuE F 7 >y 9 ©"H&SI^Jo Tfti^MlcM 
f » StrfB^ a y H *ifl5E h77^ ©>li £$t#J T^K 

-r^^icwtB-y— #i«0A7 vmm^mct 

•y— ^ • /t^-> • x F5-r ^^-r-s^t, sow 

IBX F^-f y«^< tt>^l^fi^|©|n]^S:^2* 
fii:^©r6]^*, WfB^i*&^i©i^^^t8tffB^2^fi:^i 

«:#ai:-r^.»^l 3 2(CE«©?-i5'fBti->X7 i 
A. 

[»*jgii 3 7] fl&e-tJ— aj? • /t^— > • XF^-f^i 
JB 1 ^feft ©t6]^©«Stf@©ai^X F y$r^-r-5 ^ 

x f ^i&frsw- y-eiBjij$n-5 <t 

TZmimi 3 6 (cEmw-x-iS'fBlt^X^Ao 

[is^i 3 8] ^myj^zm-DTtmrn^cDh^y 
z izm® f£tii±m#m»<?>nm5'-'. t >x s^tru— # 
50 -/^->s««eflWt#Jtt*i;s-a-s»ttK:LT, 



(14) 
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izMV. t-^-y^-xh^^Mu mm 
x h zr\*'pti < iz hm i jj&n<Dftz&.&m 2 u& 
«rte^i^ffi^i©roj^*twie^2^fi:^c5 

SSSg 1 #&:fc©ft£©1glW@©fiiF,aLfcSiggx 

IBiT— H«WIB^^{cglPa Ufc U -5 s 
>f • ^ir s> h l^-'J >^ • =£f y 

t%mv, mj&&&£.-rttsbiz&.zfmm 1 © 

7J&£|©Ir]#©*!>?3:< £*> lo©D— # • /X^— >SU- 
~?\Z IT, IfrgBftSfc/WX©^— 7 p «ilS^fFfl'f >^ 

7\*i<DR&\stcnMn)\'X<»*?i 5 :/© 
fa^stifcx h ^-r ^e^i— :/©sg 1 mm/vvxf 

t hi/- 'J >if • y yt^toTtB^^tlfcX b^-i 
•7£e>ffl\z5z-£\zW&-tz£oJ3i?^ s.>ifx-&Q. W 

&£n/fc-r-CT<Z>X h7-f ^^©•flft/WX©^- .30 
•5 <k 5 fc-HH£gn <&©•?&•£> *>© <h, 

m&WiJifa tzm^.(ommxmmmm.mmm# & s«w tc 
:/*Ha> f(rfBS«Ufc«^;px?£— 5fe©^-rs>^ • 
#®fT^W*]H 1 3 8 fcffi%©7jfc 

sn. mtB«ii&-rsx^5/^tt, mmvxhy-fzfffl 
ffi*%z>tctb\z mmmmcDMiZfr s » s n & Mtas« b 
^mss /up x * «j&-r 5 ^icio xmm $ns^ 

t ^mt-T 13 8 CiB^flDpfcJfeied by Sughrue M\66, 
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*5tt-5*/hF B 1f§a*ffijt©2-p©-y-— # . /t^ — > • x h 
X*fflS^W«rfB^^[fi]tfett^,F B m^SS^^ J; p 

fc. fltrffias^ra-r njn£~f-$H;:e< -r-s c ts 
G.fflv>r8ffi&+ftiz&<T2,z\t\z&^-c&y— # • n 

• ^-^»0»7U- • X^— »^ • -f > 

p-wv&ttzxrv 7*^tsz- h *ftmii-rz>m&m 
138 tzemm^m. 

[i*5l4 2] MeSSK/WX©^— y^tti^t" 5 
X^>7^tt. IB®$nfcS^©»^->-ir>X0!)^/t;S' 

■^•tr^t. R^ir3©^fflpg©^<,tfeio©^;p— 
^tiffiwx h ^©^-^rtfc-^sn^x N 7 <7" 

*#®fr-5S^JHl 4 1 tCfB®<7>^}£. 

[»*f 143] wimnm/wx^ifji—zf^mm-r^ 

^Tyyii IB®$tifeS^«^->-^>7;©#/t^ 

— >^SB^Ig 1 7j&£l©|fi|#W4 0<7>X h 

— x\ J e-tiic^<®275&^©[6j#©4^©x h^-r y 

0>if)V-7. *tLlZM<miJj{<Lft<Dfa&<D5-DCr>Z> b 

CDX h7-f y<D{f)l—^ RZfi7.b?-17<D&if)l~-y 
0&\Z±VZ>M&7V- • X-^-->>^ • -f >^_ A VP 

*^tr«t 5 lessen* tt&^t-rsis^i 4 2 

KfB«<£>75i£. 

14 4] ^Tifplfc^o-rfBit^-h© h^-y 

WfBSS^s^tt-y-— ^ • h^y^co^^^joxa^W 
fCMO:, *-#-/^->.xh^7"4MU 

x h ^-r y«/>^< t t>sg 1 *&A©i^#&atm 2 

A©rS]#£, HfrE^l^^(0[R)^*tMf3^2 75fi«© 

mm 1 #fta©f6m©«&ra©BsraL;taij§£x h ^-r 7 
**to^-7TftrX*nfc«< « 2 *ttA©[«i€r©lgjS: 

ftfcS&ffi«SMBteJ8#£;£I&;a^5X7^.y 7"l:bT, * 

tcR^uiB^ 1 ^feft©(Rj#©^< i 1 ^©-y— # 

• n& — >S^WfB^2 7jfir^iK)[6i^<7)^j:< tfe 1 
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^"T & Si L fc^iiSt/wx © 2^- y £fl«6T2> X ? y 

0 IB® £ tifc x h- 7 -f •Jtmtffr— 7 \z *$ -2. ttrcofliS 
D , WtBiiM^FW'f AIH* 1 -Z><D>f)V—7(» 

mmvw.ffirtji'Xf tcwiBu-^ >y • *v y 

o Tta® h yf yi^cD^;p-/os i ©« 

$n;tx h 5< yt<DFfl©«rfB^^ifiuc}ftofc«/jNK 
Bsa*s«tA-jpx©2Mi/— yicfc D»^*txfcx 

©-fe y h K&ttSgi^UifcX h y-f yOffi«or>MCDra05 

-t-ftiz&^&t, 

mmmmzmmmzmmfstitix b y -y ^anmei*— # 

CiC^^rBltc^f3£03SSTMfB^»|B1tj««:&S«[W(' 

<&WLiiTz>mjm 1 4 4 tctB«<z>2f& > 
ti*si4 6] w^«s^iRj{c»-3fc*frKSB®^± 

fBiBtijsi^©saf SKtMSHcaurr s utci^ t»wp 

m*nzfztb\z mmmmvmfeft nrz mm^m l 

t S:#mi:-r^W^ 1 4 4 fcl3*©3r«u 

[f£Hj©psaifci&9i] 

[0 0 0 1] 
tO 0 0 2] 

[^©tsfg] fimia«&#_L© 1^77^ \zavsz>T- 
i: e&^i&d/«&*. 

^fHfi, ^-^©fB&ISfl^Rtf^J&DWiffr&^i;* 
^Ob^y^izm^-<^WiVtVTt<D±tZ^^ 



<!5) #W 3 F8-3 0 9 42 
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®J^f6]C hy y^©ig£g|gj-pT hy-y^^S VyyZ 

[0 0 0 3] IBgpIfig&^X^te. -«K 

fi. l^'frR©^— • h77^^U I85i/\<7F©T 
■V®l£;-rz>. -£-©[Hl«£©7j|njj&t^&#|nj (transducing 
JO direction) £ LT5£g£ft-5> 0 hyyi7ffi5^©^S 
^|BjCD^Ki*^Si^r|n] (translating derection) £L 

\z¥ft\z*<nT-7w&z^fa\zmr>^&7jfa\zmzf 
■ hyyt?&mT2>. L^L-. fiB^-^cDil 

[0 0 0 4] mmiBltjK^iT^-^^^OR^iB® 

•rz>m&mm\t. —mz\t. Qm-fimz?-*? • A7 k 

^5. U— #MP->XT"Att, -5-©gB1t^#:±(D-y-— s}? • 
h 7 y ^ fcfB^^nfc-y— *Mi«S5i*«^,ir- jH 

fism^y H^^&Bft-^&Mm-r^). — -y— 3j? 

y Hfe^— ^ • hyy^fcWUT&M9is?)$n-5. 
50 [0005] D-4?-;w->ii -y-*- h777^ 

^. 2 ~DV)¥ftm<DWW& ©A-X h <fc 0 fe©Tfe 

«fc^. dtie.©/t^— i ^©-y— /t?{ig?&^-?-ne 

/^->©BISLfcMt«fcoT^S^tTSfci6« TA- 
7- h-yy^j £mXnz>Z\Ltfg>\,^ —%UZ. If— 3p 
"\yH«. -y— jtf- Hy^^wta^^wiKsiOfeTV: 

'k^e-fttT^srr-ss-c. ^ y H*tt:g^a6©fc«){c 

y y^'IS©¥7>J;0 ! fo/h$V>-y— # • ^ ^\y H 
Tjt^co-y--^ • h? y*7 0>— *©^Xttft&^©¥^<£ 

di^T^^Vi-C&^'p. hyy^if@©¥»«ti3 ! b^:# 

v>*-#-^yi*tt, -y— utmmf?— ^icnum 

0^\y K5:^ffl-r«.M3iS'-y— ^ • ->X7=-At*^Tft 
H^PS©hyy^ • r\9— >\ZX<0>Lh J -(if£%t.^o 

mm&mi-zfiitbiz, n?— >«i ■o$5&\zmfc2>&? 

50 \ZftZtlZ>o ^tolsU^t* ^\yb^Wi^^>^yi 
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[0 0 0 6] -^(D/\-y • Yyv? • U— tfffl'mjsmz 
STf* 1 0©ft#;£ft#*B#fFJi!3, 6 8 6,649^ 

^©v-X^Ate, 1B«7VX^±T?2 5. 4 
5U*-MW (W>?) M§fcD2 0 0 F5y^£U:£ 

^«2 5. 4 5 U^-h^SfcD 5 0 0 0 h7>^$lS 
[0 0 0 7] /\—y • • -y— ^SUW^ffiti. 5 s 

SB«S'X^Att&#&4#t£cDTTl&f£U ilS^fE1£&S 
TATIt IBttt^-iK^'N-y FOD-f >^- 7x -x 

ssfebTii^-rs. it^mmnrcmm. -imt^vitt 
&mr$izfrrcz>mHafe%:tVT&*iz, ^.u^mmt 

[0 0 0 8] -9— # • HW^WW^O^ktificB 
# • h7y#<Dfpfom^mmz&tiLVfc.m\Zh ; 7y? 

izmmmzavz^-te, — mz\t> &wm^<D>b 
©^6«ta-r-5^t«B^T*^>„ -tote*. figta* 

-5. -?-©l§£\ U— ^Mffllv-X^AfJ. 2-DXtt^-nfiA 
±©7Cg h y y e> ©t 1 — ^ **— St" zm-StztftiLW 

m^? : —&$:@imT2>o jL&ft-y-— # • h^y^«, ? 
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[0 0 0 9] 

[%w*<«iftL«fc3t-r*ai)s] -kettles, -y— # 
• \ i i~&ifz>m&.&.zfim\z£2>ti:mmi%3:7-(D*: 
-a-, fo^^^-tfrnzmmiztiitiizti 
zzt&nsmiz-rz, mzmm.T-Tmnizm&vrc-v- 
-tffttw ->x <? a fc^ts^tt^s 3 c t «^ e. 

[0 0 10] 

^IBttSMfc^^^h^.y// • 7*o-~ f >y • -y— # 

tifc-y-— # • h^y^e^y Ffigfif^tttti-r-s. 

> h A» ©/t^->*Kia-5 Jl <h «fc o T»HJ $ n-s 

•y— ^ficMm^/^i/xcD^-f 5 >y^a^«jtc^t3^«fc 
•5Jc. -y— # • h^y^fcisvixffi^ra^^winj^ic 

Tra-KSn, IBlt^C^^^flffMcD^-^ • hy 
y^±fc5r-^ • 'S-y HSrfefi^t^fca6tc-€-CD-y— # 

[ooii] *5mv> i ^><o#if!T«, -y— 4f • 

^fi:^ (azimuth) $!\zm^ fcJl{tm®Vrc.m&ttf3S 

mt. ^vYm&^fa\zftVTik$im.~ey ; ?ytr<»m%: 
mms?—? • \-7y9m\zmi,Tm^%imr>s\y 

^ffl-r-sctJrioT, *^:©^y-5yi7 ■ ix>^s. 
wsttwens. -y— # • A^->{c*fr-5^n- 

i3tl5fOA^->rtl;^ t y-jtm-tZ Z. £ \Z 

[0012] %-$gwv>hz> i -y— jtf • /t 

«. -y— #-/t^->*trajH^ Vy y ffi s Ml;:W jgr ft<0 
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0 -y— ^ • yt^-> . ->-^->xi*i© 

x.it&fe2tifz:mommz-mmizRm-rz> z. t tz j: r> 

[0 0 13] ^-:7*fS1gi&#±©1r- # ■ /t^->«, j<? 

ftSn&f ty^tt, 7i5-f h • 'J >^ • s\y Ffltjffi 
• ->—5r>X£3g3rr-5>= 

[0014] *&w\z£n& tmmft±<DW&&£tL 
mm-tz>z\t \±mm.®.m.mn \z±z> v*?v*>9 • x^ 

©■9— • A^->©B^&tf*li«. -y— zt?i®DA 

©— ISWXttffiAlft&Attra, D-^tlirjA-yh'^T 
I5-W4i;§tftK -^©^X^Ate. "t—5> • h 

&izmmTz><D\zmzmvT^2>. l#>u -e©->XT- 

Atefflj&^-st©-^-— # • ^X^AtCiS^Tt^fflpJtgT 

[0015] &&w<d%v i-zxD&Wrcte. -v—tfmm 

->X:rAtt, JgliI#gte£J$ofcBi£M^£;&tiJU 40 

t. -9— tffflwmm/t?-> • tfjur-zfa, mum&& 

ais[:r-y©tts, rocss® 

Xotttt, iefilttSSKOJES^^ 2 -fe y h ^^ffl-T -5 c 
[0 0 16] „ 



' #W8-30942 

9 • ^-XOD-3|? • ^-^ • ~>X:rA 1 0 StST. * 
®->XTAttr-/- K^-f^l *<»7—-9 
• F ^"tt^-^ . ■ *— h g y 5? 1 4 

U 7-? • ir-^JH 8l:ioT*^ h • ^Dt^D- 

5^— ^2 0©^— ^ttSA"7^>^l 9^tr„ 
©->X^Afci, JS^M^©S^-r-g)-y— # • n^->j; 

©fi8i|C^«. ^-^ • h >J v5?fc$3tt*««y— 

H*«St«i^|p)C h7yi?OlSffi«oT!ii!4^n5l§, 

v^pg©^ wmzim&m&m-r&oizh^yiroita 
&m®-?TmzfT^2>. 7—9- k^^i 2t±-y— 

u v v±.<r>wmv-r-~9v> v^vz iz-v—xffl'&mm&w 

&tsz.iii}rv%^ ^(Dffijj&ff? z. 

[0 0 1 7] h'y-ryi 2tt. *-MJy3>i 

4*SJfA^n^XD-; h2 2^-r^,. ^Xh-^P-t 
y-y-ijStt, iBMtt© rps/2j /\°— yy- 

#trfe©T<t<. X\t, mtt<D rRS 6 0 0 0j «7-^ 

ttcD TAS4 0 0J n>ti-^©j;a7S5X • n>tf 

h • 3>fcf^-^t^pf«gT?a&D. ^^.tf. ib 
Ma© T3 4 8 0 j T3 4 9 Oj r-^IIiglO 

X5^ATab-5i75*ta*b^. 5=— :/ • 7J— h U y zSl 4 
ttv C^A^ iI^C0 8mm, 4 mm, l/4'f>^ & 
rj:i/2-r y^m=r— 9 • 7J-h'j y j? • y*--? y y. 

Sr-g-tra^r©*— h>J • y*— h»a^CDtt« 

[0018] la 2 5^-^ • P^^nCA^H- 
T"fe>^U 2 4S:aia-r-57J-N'J -yi^l 4 (01) 09 
^^-^2 0©-SB?>>£r±^SmfcHT*^„ ^-^ 
tt, *n*»^y H • 7-fe>^U©T^®ilLTVi-5gP^ 

n> ^--/©ir— j}5 • h77^2 7 CIHSStifc-tJ— # 
ss. v K • T-t>^'U©7 :; — i'SiOA-/ F2 8*^$ 



(18) 
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ft, -e©AyK«> =r—9 • h y y £ KiB^ft/t^— 
^©t-^ • r-yyy&*£2 9±.\z®M~3Vt*>nz>. 0 

wimzmmzTzrcsbiz. i-s>©-y— ^esi&da 

y HRtf 1 ^©^-^iglgDAy HS^fo SSHffctt 
W J; yfc, ^©^-y"- ->X7"AH«&©-y- 

hyy*. |g&©D-— #M%9Ay RZ/ttScD 

tooi9] 02 t—-?2 omm^^zm-ox 

MZfZ-V— # • H77f^i3 0#S$n5. 02 
It- tf^I&DAy h*atJttSE«2fe<. -9— 3^- hyy 
* 2 7 ©4s J; 0 fcjS^ 0 VMHSSTT* ^t^LT 

ffi 9 Ay H Wu -&»;: tt^-CD-y— # • h77?±Dfc 
To tm*m— ©5*-^ ■ hyy;?© (.mm2tlT^& 

[0 0 2 0] 02fC*3^T> U— jtfSfcHO'sy H2 6*5* 
»— sp • A^-^fgl&SJltatT^S^-y&tfAy 

-0813 0©g$^[pj{ca-=>T. Ay Htg|LT^o[t<r 

iz^mt^m\z^^, a : £<D&v?a:&%>}tf&.cz>!$. m 

M&&0>*)—# • )\&— >«-y— JpggflstDAy H2 6tC 
<toT^tU$ft> *OAy Htt*-#fif«3 4 6^1/ 
6 ICftJ&^ft^Ty-P^ • -9— ^Kffi 

3}? • 3>t-D-5 4 0 CiJ&gnS&ijl^Srltt 
-5. -£-©•*-#• a>hD-7lW-!plIM»t^s 
?6£U SHfflI^4 2 ^Lf\y h* • Tir>^'J 2 A\Z 
^ft^flUfc-TS. ^y H • T-b>^'J©-y— ip«t«|n-y- 
• a > h d-74 0*^©W«fl;jg§tTAy 
H 2 6 ©t»i*(oJtC-y— ^ • r- y y 9 3 0 ©iHSrfitgj 

«. Ay wffim<z>mm&:w\zmi,K:mommzmv 
[oo2i] m3\t. *&mzft-oTmmtstutm&v 

— ij? • h7 y y, *&Ay H • ->XfA^f„ ^©^ 
X5rAtt, #©<£y&W£f^;fc0 2 fc^3ft;fc->x 
f AiiCTSli. 03O'\7H-7t>^ l J2 4' 

v>t, ^ft^ft^-^£t^0&tf«&frfca&©^-^ 
WHS.*) Ay H 2 8 a»tf?-jFfa^5, H28bSt 

tf. _0 3{c>K$ftfc^^-^2 o'«, mi -9— jH- 

h y y y 2 7 iCjn^Tm 2 • h y y y 2 7 ' 

-?-ft h^y y«5*— :?®*|S2 9' <Dmm 

izmm-znz. ?g2-y— hyy^©tt>^3 c t 

5K2ft-5. 0 311, Ay H • T±>ZfV 2 4'3&tg|2-9- 
— # • h^yy 2 7' teJB»3ftfc-iJ— tftj|?I&ig^.5 



4#BfR*8 - 3 0 9 4 2 
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fc«6©Sl2-y— #SfcJ&!)Ay H2 6 * £^iy C £ SttkL 
Ay F • 7"-fe>^U 2 4'*t2 0©U-— /flffif 
(#+>— #««t0Ay KCSLTIO) £!64t5Ct 

fcSit^tTifeSo -e©^\y h • T-fe>^u«, mi 
i^a-^3 6 izy—tfmn&s-z.. sB2-y— jj? 

MIR 9 Ay H 2 6'tf>S«^i|S3 4' &3>bT^JS-T-5M 
^2x3-^3 6'{C-9— ^ft6^3 
-y(«n6©filf^£U-# • rj>hn-^4 0\z 
10 m&TZ. TfaEVT—?- ->X^A*t«g:©^-^^5t 

3 \Z\£ 1 ^©ML^SftTV^Vi^l tfc@*-TA#T 

[0 0 2 2] WKE©«t3fc. **Wfc«t<5U— # • 
— >\t. D— JjfKBtOAy aj? • hyy^/©i)i 

oTfl±SftSU— «KtDAy H«««JMK»KaMfc 

"T -5 <fc 5 3j? • h =y y % ©lfi^^J 0 TltfSli* 

20 -y— sj? • rti?-><Dm*<Dmmm-c&2>* %mmiz\zw 

tf^) «-y— hyy^oeSr^oTMCX-SiBSS 
ft7c^©Wb®^&^L, ^tieXh7-f^ffll7y 

fat*— #R»DAy K«#*«±-r-6fc*fc«aiaft* 

»*S^J;DJ^S. -efte>^«2t3©«S@ (Xhy-f 
l^©^^«t^J^^ ■?-fttt J ?-©®^©m®fC e fcoT 

ft^Sft^ffi^oTt/^x^^-r^. -y— 
* • Ay HMt (x hy-f fizmm-rzm ^x^-ry 

xyv, gp^, ^tcfeViTftwyt^x^^-r^o & 
* >tt. h7'^©ii*««vj>a:< tfe 

2 0©|rJ^ (mi©rRl^ttm2©|B]^t¥ffTttife^) 

[0 0 2 3] 04T(1 -y— 3j? -/^->4 4 

tt. hyy y ©^^iRjtcMLTtatSMitlC hyy^© 
I^oTStfSIlXh^-f^ 6 ROW® 0 Ay 
HI:ilT^«^oft^2 X H 7^ ^4 8 ©35 
40 S->-y->XcfcDfi£&„ BP^, |g2X g$ 
*|6lfcMtX^>©hy y^«fi^«4 9 CHLTffi^T^ 

*fbTSlt^(6]$©^oit<r^^lxhy-ry-5 2RDt 

^wmz^itMmm^-r^) ^m-Dt^^ay 

(chevron) m<D%i 2 X h y-f 7*5 4 ©3£S->— y->x 
J:D^;^)o IP^, ;^->5 0H ffl5(C@^T*-5 2 
■P©hyyy (S h^y^tt^-ft-?--ft-> 3l7 'D>©— ^ 
©BSPg&5 4 aS:^te^©Klg65 4 bS:#tr) 
50 ft*t>©tlxT»«f*tt?IIBa:/X>H«tOj«S. 06© 



(19) 
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/^->5 6ii, h77i> t>>L-m 6 2 izm vxMmmtSi 

MWrt9->&Mi&-tz>i:?izftW&ttfa2iZT&wt! 

-f ^6 0 J;0^-5. ^©A;?— >56fe, A>K©«Nj> 

-y— # • A> H <h LT#m^^l6tf*^. £ fcttW s# 

[0 0 2 4] 04 7iM06(C^$tlfc-y— # • A^-> 
44. 5 0. 5 6CD#l-^{C«fc-pT. 5r— -fifi^j 

D^y K©4BttW&B£ifc*rr*;fc»t;:&ffl 

[0 0 2 5] S4 75S06{C^3n&l7— # -A;?— > 
4 4. 5 0, 5 6«, ^-tl^tlA-f /VVRTfB4 

>9-n)\>t.mznz>m i -f >^-A;i-;RtfSfi2 -y 

te* ^-f^<DX h^f y^SfiSW^-f :/©:&©x 

* ©ns««jo T»»*sifc»»-r*i*k:jeto* z\t\z 

>^-/N*;HifiB(Cg|^ < — Z. t &S^-r^ 
[0 0 2 6] ££t?T, 04t*5ViT. SjS 1 ©A^f 

a;p (a i tuf^r tfc-r^.) teSg 1 ©gjtx h 
i<DK4>*-n)i (b i t^^ttcr-s) agiffl 

3 . • • • &<ytB 2, B3, • • • \zmm\zw&ttm-z 

&2>. i5Tll SftlWA-f >^-A*;UAmSBl©S 
EX h 5,^ l ©v'x.^D >g»x h =74 

tf, — fgl ©B-f >^-A*;PB ltejgl©^itx h 
5-f ^e»Sg2©MitXhf7-T yjTlt^. 312 ©A 
■f >^-A*;i/A2ttm2©^itX h5-r^&^2©-> 
i^D>iXh7^^Tin. 3B2©B-f 
^B2H ^2 ©SitX h^-fT^S^WMiiXh? 



#§8^8-3 0 9 4 2 
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lilg 1 ©^£©£ffiy; DflcSSg l ©->x^D >^£Sfg 1 

©S^©^<BlI<fcO^^©->ai^n>STMDf, — 
m 1 ©B-f >*-A;WB 1 \tm 1 2 
©^©feffiHST^-r^,. fg 2 ©A-f >^-A;PA2« 

mmv£im&-cM-rz. g&©x v 54 yn4 >?-n 

10 [0027] *»"Hfc«oT«iri6ati«u— #fa«->x 
5"Att, -y— # • A^->w^j6s^fc D KH-r-s-y- 

X h 7©ffiSt£fcJ.5 C iRCXx^-^tii&a^i L 
(.^^©X^-ITiESrfT^rt^ortgfc-r-S. 04 \Ztk 
c£t\7t%& 1 ©-y- — jjv • — >4 4 tioT, W^ti, 
^x^Att, ^t^ft-s^&oox h^-ry*sxoia<r 

[0 0 2 8] 0 4 73M0 6t^$tlfcA^->Tf4, 

©^B87w-^Y«xh7-f y©^;v-^ffisr^©x^ 

— ->>^ f >^-A*;WJ;0^o X^-i »if—i> 
f—rtM-iM&tffe^w. 1 -s>©i/;i/— ^rt©4«© 
2 -^©x h 7-f yfflsr^©S7c-f >9—n)V& 0 t>7<^ 
>^-/\'^©ffi, ^^iPjlCiS^TX h 5-f 

30 5&«phbt?*s. xh7-r^ffliB©^t7^ 

©J:5^:1fffi«, 7 s — 9 ■ -Juyi? • n^r— > 3 >, ^ 
-7"©g^|6JttH, ^^tt-e©K^< ^od^^--> 

a >^mtm<Dmm*m.tt&\z®im-siffire$>z>. * 

©it— z^WW^X^Att, X^— ->>^/ • >^_ A «;i / 

^©^©fiSSlS^dtSiay^— y©x h 7-i ~7t?$>Z> z. 
fcX^— • -f >^-AJUfflS^©X K7-f^©^ 

r-y— • a'— x hj tmttiz. =&-y— ^ • 

A*-Xhtt, ^©J;5{C. X5— *fflR«IIiEfcfeH 
T^ffl BJte^WSScOX h 7R.zm»&£tS. 1 A 

-xhafco©xh5-f^©igc«, asftPHWfcwr* 

[0 0 2 9] «SJAtf, @4Tft Sgl©-y— 5}?. A**- 
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y6 8)j%$n5. -£-*ie>s??ix.y3!2©-y— # . 

fczmm? * -^riz^TftmztiT^z. ^©x^ 
• -r nmt. m i ©^it©in]#©x h ^ 

-f ^ 2 ©#&ftft#Jfg;&©|n)#©X h- T'ST 

©-f >^-A^t?a&-SA-f >^-A;i^fc o t>;*;£tw > 

wz. m 5 ti-y— 3p • a-x h 7 4 . 7 6 ©ra©x^— 

5^>^ • -i>9— JVV7 @6IJ-9-#-A- 
Xh8 0> 8 20ra0X^-h-*f^7 8&St„ 10 

[0 0 3 0] H^aiJttWBjtittRyt-y— 

Km^©^fcJ:5*OT^x^A©g?£©pJfgg:£ 
M'J>tSit2>tz.tt>\z. *ftW\z£.ZD— *H«yXfA 

KWffite£^o/£s^©§Hgf©9l 7 

mtsnz. xb7-c7<D'&t%*mw-oT&®T2>z\t\z 
[0031] mmsm : gtbuKMm&<Dm2m&<DK& 

y h -5 itKio TMtr&iti pltgTa&^o 

*. l^U K#fitt£ltofcM^K2#LTfc|^©^ 

[0 0 3 2] 0 7tt, 0 2 fC^$tlfc«fl^\y F;()t@4 
tC^$nfc-y-— # • A^— >Sr^K^Nf, 

^8 40i/57^t„ 07 tt. 40 
@4®llXh5-f y©M^^^^,«F{c^ 1 ©-y— # 

•9-— #Hi«lD-^y F#04{£:fett£SglX F^-f :/©& 

isses^^^tc^u-s,, z\<D$&2m&<Dmmz&$i2n 

[0 0 3 3] 08H -y— tfRKD'W K«q&1?r«/t 

x9 Q&m-tm&<r>mmrt$—>-%xj-, ^©tch u- 50 



} 8-3 0 94 2 

— ^EtO^y Fat0^©A&tfB-f AA-Tfco 

T-y— # • a^-> • x h ^-f ^*«i«jsi^{c-€-©-y— 

^-AVWiAl, A2*iP*tftt, Bf>*-A;Wi 

fc&X h5>^:/C;ttLTIE©fc!— ^#fg£$n, A*— 
> • -f >^-A*;P5jg^-r-5^ t^^b, ftgfUf ©fg 
^©fcae>©^-f 5 >$r • >^-A;i.=£*3e-r-5«-&fc 

i±T^©bf-^^M«$n-5Jit^-r. 08n -y— 

# • K* — >fi*mt4 0 8 S^D>©i]@Rtf4 3 4 5^ 
D ><D& £ T & -5 Z\ t SrSt". 

[0 0 34] 0911 -y— #f£]fc jWitTT * A 

— ZfLft^M^?— >9 4 Sr^U -?-©TtcH K 
*t-y— • A^-> . a-> K^«J^^r(c^$n^.A. 
» Kffi*(t#9 7 (DmyjkRZf >?-/VV&tx 

>Sii^©A> Hia^TMsn& 5 ^>©-r >^-u 
r-y— jj? • a^— >*^-rs. 

[0 0 3 5] 09 iZTn^tlTc 5 OOHS0:4 0©SJg 

9 tcjcoT^gisnso ^-ne.x^— 
ajuh -ene.©*fe^v^-f > hfc^^Tfe, i^>© 
-f >^-u -^vnLif)v-f\z^^n<D 2 ^©rau 
x k 4 ~7ms:ffl<Dm±mffiRzf{5iti<D 2 o©^^ 

-yffiSP4©«^raPS±Dfej£^„ 
l^-f^-^.ift^jjt. 0 9©A^-> 

(c43v^t> s^©^-y^{c*^^<h«?ge,^-e* 
•5. ein&©F«igp^Y ->y9 8it -^nc>*t4-z)©s^ 

S^5^©^,tVi3 V— ir>X©^Xtt5^©^R 

tX4a©^t^5>— 5r>x©r^t?^i;^©-e, 

fc « X^—i/>if • -i y$—n)\,9 9 it, ftl^^, 2 
7 • 9 ^U^S©X h9-f 

[0 0 3 6] »jg^J6^J©-y--jJ? . ;\i?-2s-t>m 9 fC 

J;oT#x.^n5. ^©*^ £«#:©£ 5 T-&.5,, sift 

*[p]tC*5^^X h^-f ^«tt. 2. 5 3^D>T2>£. 

^K^©x h 7-1" ^©wa 5 5 d >t$s. ^ 
^lRllC*fLTSit^:-y-— • AiJ'— >©4i«:4 0 8 5 
^n>T**D, *12 0 A5.^U><^2-Z>(Dnmmts.^ 

tc^ttsn^.. -en^xh7<yn ^^i^icmlt 

^aC^^tCgiLT7. 4° ©^ST«W&n5. ^©i 

t^T©fis*t i o©x h 7-r ^©ia 
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fflSRgwx^— i,y*f . ^ yp—rfjisQ 9 ft 1 5 5 ^ D 

ZPM^VyZfd 8'«1 0S^n>T&-5„ 
[0 0 3 7] 09 it, A-f >9—nMfi 1 o©^JU©£ 

t<£^-T. ^1 coA-f ;\*;pa l «. ^i 

©^£©£411 K::fctt-5>Sg 1 h 7-f y*» e>|g 1 ©^jg 

[0 0 3 8] 09l:^Sn&/^- >9 4 it. 

tt, 2 2 1 S^DXfcfcilDfiU «oT. »>r»J> 
y^Mtt, te©07Kbfcl}-— # • >\9—y<r>&\\^-y-j 

v >i/mmtmv2 2 i -a/axDrnz-vabz,. 09© 
y— # • a-*— >©&-< >*—v—-7vftmm\wiig.<D 
»©x h7< ^ftdtro-c, H»:7 ^-5, 
>^ • -f >^-AVHS, 1J— «MPR0<^y K««»*b& 
7. h ^©^:$:* "i; > C t tCJ: o T^ffi njffi-e 
5 0©I)g*t 4 OOUffl^- xtc-e- 
©A^-><£r^-y»^-r^c:t«. ^n-yj&th^ 
u/^fcH-r-S^^/ K©^^(6]tci5^n^-— :x3>£ 

•^©X h Sj&SHfC 2 -Z)©/\*— X h 

m-tzzL&nimiz-rz. 

[0 0 3 9] 0 9 iZ^kZnfcrt?— >9 4(D±^^it. 

3^>©-y— #EQr&¥mt<ik2>frmt£mm&&?. *-© 

3) te*- tfWt&Kt^y Kfi^©$BB£&5rr.£>. '© 

^ — >©iHtt. (3^8^)©^-^ • h7^^©"tSt^L 
V>©T, lo©*- #^I&iii^£tefflbT8^©g&S 
7 — 9 • h^^^ifcHff-^©^— ^^5t0^>y H^firg 

[0 0 4 0] IT— jftMHtQ'Sy H«^©-tJ->^4ttt, 
•y— # • A^->©g^S^-^«tCJ:oT^$ 
tl-5. »®^Jg^J-C«. • /V?->\t2 2 15 

^p>©g$-rfe^, 0 ^e-ntt. -?-©x^— xtc^t-a 2 
o©^— ^ • Tin >k gp-£, -o^— n;PB4©«it> 
0 iz&nz?-? • jjw > bRtf-Y >9-/vib 8 ©*& 

*>Dfc:fe«-S:r-* • 3JW >h££DS. mi: 2.0 m 



^fBB^FS - 3 0 9 4 2 
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8, 1 0 0^>^tt^^>^ StU|)j 

;^©g#tt. h7^J"7*n — Oif -D—^- )i 
-7 p ©3>#-^>h©^t)tCj;oT^^n-g. <> *> 

T^MS-r^fs*^ *©->x^a©+^^^jp- 
• \/x#>7.itm.%itsnts;vtitttet, 

[0 0 4 1] filBfy-fXtts^rom BUS, W& 
10 -1 >?-JVV\5igc<Dfflj£iz%njz>s-i7;. lv-yznvm 
D ©SS-f muss. Refill a;ws 
ffl : £&&mmz$£&-rz>xtr-v >if%mz^-ox^ 
sns. g^-r >^-n;nsisc©aii^(c45^-5y'f x 

ft^sn, A^->©^-sttt^:<45M^Tabs. -e© 
/-fXtt, i©is^T«-^t?^-5i^sn-5. an^e 
$ti-ss^©&tt, y-vntvfrtbiz&wmn y xtjg 

0 9©/^- >9 4-^li. 4^>©A-T>^ 
20 ^a-9-Cit, Z.tL*>4-?(Dmmt. f©D->^K;M 

^tjcttt, *<D¥-i$it*M*Zi£%z\tizj:-?T:y^ 
&mtnmz$tmTz>7.>r-ij >ifmmtxh^-i^<om 

[0 0.4 2] X h^-f^B^t-y— ^ . h^5/i/©**D. 

zti*>K>*L%zzmmmt&wmmz& 
# • rt$>->&m.iz&< u. •y-^T'j^&Ttf 

•So ItUPL-fcffi^ S^leJ|gc©aiI^{C*lt-5y-f X*{C 
^S-r^^rfi:^©fc©(C, t-^tDAyKA^oi 

^©^«*^$-B:^c<t{csm-r'<#Tafe-5 0 ens 
s^©-r^T«> ^©z^'jy— >3>ic*fr-5S3S 
ft*- # • rt?->$;&MTz>mz^m.zrimmitte 

Sft^. b^b. m9iZ5k2ft%i/19 — >9 4tt, 

i D «e \z®m B7|gt?ab s. 

[0043] 010. 011, R!*01 2U. B2tS 
SteBfrn- 93 6©^p>>i7 0^^-r. Mt-^iZg 

2^©^ig«i^biHi?srtfc^tte.n-5d\ ^(.i«gij©isi 

3 6W—7&WiW.V^y H*>6.S83 4^tT, 0 7 {C 
50 ^bTtf-i/Maggl 0 2£ffifflbTt©Mi&A 
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j^^it^mmmz^-r^^t^-r. imts.$mm-c 
coo4 4] tioipi:, &mmn\ty'^ i??)vmn 

^-^3 6 (02) tC.fcoT^n-H^tl-S. ^CDt 1 

n-^©^titt. A&tfBi$iRH , >£'— /wsajg-rs 

#K<fcoT#Jfl! ojfg KIT -5 it J6 tc&g&ff-g £ff -5 £ i 
^JHf Z>tcib<Dy : n — ^Rtfx^— fTIEl5l&j5*0 1 OR 

#01 ltc^sn-s. 

[0 0 4 5] @7H @4tC*Snfc^^->Sr^o 

fc^Si bTD-— jtf&flfcD^y F**e>it9 ^ii£n;£:7:f- 
□^ r m•f7£^K-ro 01 ofc^£n-5<k5ic. ^cD7tc 

i'fUffcfc. tf-^^fflggl 0 2{Z^X7^{^2)im^ 

[0046] ^-co^n-^-m. gr<<D-ftiy>*-hmm 

^— h • fs^y2 1 0 4l±, l^CDA— X hrtTftett 
TX^-h.^ty7*7 0 (04#M) X 

h • y -jAmmztizm* mmxifmm®& 1 
co rxj t>v>2\ o 6 > 2-/1)1, zmm-? 

*-&fC2oco ryj 1j*?>9, gp-fe, Yliji?>^io 
2*>V>2 1 1 OSKStcU-fcy h-T-5fcJ6(C 



8-30942 
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W^JT^*. B<B (2OC0Y*>>>^c05^CD 1 
*) liYl/Y2A9>?-t^^ll2(;ioTI 
#3*1. ^»§§1 1 4(C*HTA*^-|f&n-5ffi7j5^ 
■3ROMf-7"JH 1 6(CJ:oT 1 /BMlC^&^ft 

SSTB$©ffiA/B (#A*-XhTtt8fg) J;Dfi£*„ 

[0 0 4 7] illlt 01 Of^Stlfc^ri-ytctt 
BST -5 W&x ^ -tfcffl&tfSTIEIiJ&CD X n v 2 0 £ 
10 tkT. 0^cd[hJ&« > §;t-x KtcH-r-Sx^— • 

y x£fT^. &A*-x MC^LT 1 ocofeMm^fS^a 

te-^CDA*— X M^T^o^tjfcSocofi^coA/BMco 

^-rsfc©coism?a:*&*t^ffl$ns„ z\n*> commit 

&CD£olZVTmi$.t!tlZ>. 
[0 0 4 8] m&*)V>? 1 2 0>&*&A*— X MC*>V>T 

■7K mm. xtttecDnaco^JDtc. m-&m&$:&itii-T? 

S^*^>^ 1 2 OfJiEUViSc (^CDWtftt. 

is) et^-coi a*-x hafcocDa^cos&*o>h 

T^^^nfc 8<@©A/BffiCD»igg<B£J£$SE-r-5 c tfc 
^1 2 4^8<HC0A/B«t©o^C04«^^L > 

ns??* i 2 i tcj;oT©a$n-5 0 17-Aiinsn 

1 2 8*>e.C0^if^;n— x h • 5r— ^C0pjffltt^-r«t 

•5 c/^n/t-x h • =f-*? ■ v=T4 m^&m 1 2 

2 iKfg^-rs. x9-*t^m$tx^:^«^ -^cogfb 

22 1 3 2^mi&i!it2>5'yri 3 OtZ^nXmmtStl 
-5. A— X h • I7-8I 2 3«. Si&CDfcBTjM^frL 
t^X5-©^l,^Xtt«rcOffi^$n7cffiT*S^<i:57)> 

[0 0 4 9] *o-9— 3j?«d«->X^Att, A*-X h • X 
5-^1 2 3&tXA*-X h • 7-2 • W-^^-^l 2 2^ 

—>a yizttVT+ft-z&zfriiofr&tkfeTz,. mz. 
->x^Ati, *isco)ii^Lfex^-5&^m$nfc 

50 Xtt«fb^X5- • 7'J-<Dx-^^LT0f5£CD«F 
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atx^-©^:^— ^^5§±UT^Ja:U«-&, SfbV^ 
—9 £ h => y 9 & *>9VtlTm&&tS E tXtfBMS h 5 y 

<t5{3. is 7.7" Alt?— ^©SjX^SrKCClt^T^ 
5„ -£-©<fc573:flt{£d<iai 2 fC^tlS. 

[0 0 5 0] B 1 1 IC^nfclslKteU X5-*^ffi$ J£7 
tifcRS \z ^ -o *>* V 7 — tc 
ttTXy-UiE^^-rsri^T^^. S^*{C«BJ 
3 fc, l£££ft;fcgitt©tt©©&©£3ftte© 

[0 0 5 1] 0 1 2 (4. /\*— X h • -x— ^ffi-^^^-r 

7Vb • 1 4 2StXa^X7— • t>V>9 1 4 4 

1 2 2 h • ^-^ • i» 

94 A7>) 2 team ra-f a*;v 

©HtCX^ — ©&V>+»— # • A-X h^5§ltS*o 
"£094 2*7? h • TBI?- t^&i7 

— y— m 4 6{c«$&-r^.o saaxe?- • i 

4 4 7^X9 — £}t-3;tHfi5£&CDX7— • A— X h^*-} 

> fn«i7- -y-M46 i:i 7 -g 
94 &T<y b • tto>9 : bmm^- • * 

9ft&jm^ 1 5 0 Sir y -5. 
[0 0 5 2] 01 075Miai 2fcBiabTiS^bfc7 : n 
— ^K, ^-f 5 >^ • X©A:?— > • ^n— 5^ > 

*&m<Dftmtemmm\t. m9iz^nr:z4>9 
~- , )-7v%iK9->*mm-rz>. mfc^D— 

[0 0 5 3] *^Wf^oT«ifi!SSnfc^#?n-^co 

#Mfs.mmmitm i 375M121 6\z^xyay^mm 

©-$#£:*)- LT-y- aHBHRD^y F©AX£. -y— # 
^tlS^tAR^B-f WlhmZTK-?. *r<D;l9 

— >», 4o&yr5ocD-f ij— zTLrcmmoiim 
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m*.Z>X9-h • **y7lZ&-?TftMt£tlT^Z> 0 B 
I^Wtgfc*^ y !7*tC«fc o T^fg$ n?t 4 ^Rtf 5 0©X 

[0 0 5 4] m&Ztl&^zg'f A'JWH ij 
^n— rij xtt T2j ©8x^©<ko 

T^$n«:2-r)<7)-y-^ , 5 :; n-^(c ? >tte,ti-5. -ene* 

S-y-^n-^rog-^fi. Bl 7\Z7F.ZtlZ>4-0(DA4 
>9-/VlRZf4z><Z>B4 >9-SVV*ftm'r2>. 01 
7{C*5^TCLR1, CLR2, OUT1. RtfOUT 

VT2tizm(Dmffl#4 > NK.i/^en-6nat& 

BffI S^*-r-5^f»NF^^'f > h $r^-r„ 4>9 — 

A-^tn^iojgs&rxx^-MaiHifs^-^tr^^^-/^-, 

-^cD^S^[HlliS*t0 1 3 75S0 1 6 irs^ns. 0^ 
cDIUKttXy-^tH^tJ^ X9-BrjE«r*J!6V>. 

^a/b«» ^©^n-^-rttth^^nT. -y— ^ 

[0 0 5 5] -f>^ — U— ZfVTz.KJgaSm y$— A;U 
* > ^ r -3 TthPt pJ^T* ^, «-n f 
*>> l^^tt«e^-y^ , 5 ; r3-yici5^-5»#-©7' + ^A 

v-9\z^xm.n^im^&^,. Mz.\z. mi<D^-r=r 

"5. XUS, (CLRllcioT) -tfnffiC^U 

»*^>?Tciiiw-!i;-w-> 

fc^JtS'Ny H • oy- S^a > (PUft\Zg<OXb74 

A^— tC*5lt^,-e©n-Jr— v-3 >i)tA4 >9—SVl<?)tr\. 
iZ$>Z>m, X H M> HROMliX 1 7 + ai,l/ 
— ^fc-tfnoffi&f&efcu •en©«&-tfn(c:ffiJtT-5 < , 
ffi©W^>M!. It*')>^TClsa:xH> 

;l-©iSc^bVW>^l/^>hfil5:X 1 7*aAI/-^ 

{r-^A^>. xi7+aAi/-^n §i?nyi? • -y-<^ 

X 1 7+aAL- ^ttttScM^-Y-7©©a^fc-r. 
[0 0 5 6] 4>9-/VUfi&TVftm. X17 + aA 
U-^U^OAI (cnti-€-©A*— X b • >f)V—Zf\Z 

»t5i$L^Ata*Tfe^) ^tsz\h\zmmt^ 

W^i^fC. Y 1 7+a.Al/-^(140©B 

-f >5 , -A*;w>£'&n-r-5o -T^T©A-f >^-A*;p*t^ 
b<^g2£jf£J.^-r^T©B-f AVl-^L-^g 
$$-it'Z>^-&. fig7^aAI/-^Dl, gp-^. D17 
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- 3 0 9 4 2 



©^ffitt*t«£:*"lftV>SSHfii. D 1 
tt-sfn^-fe'D^e^^-e-s. DEV MAXMDE 

v m i Ntmzntctti&mt. x5-**-r«js©« 

fiS«? (SELECT) SfKioTifcgSns. £© 
ff-ffRtf 0 1 3 fir^;*ti;t*fi©«^fi:rn>Tfii, 014 

jbmm i 6 tM^bTittB^-r^. 

[0 0 5 7] 01 3 {C^nfc-r-rS'&if (DATA 
GOOD) ft^fii, ^—^-1/^ (DATA REA 
DY) /VVX (01 6) ©^mCXOUTSatYOUT 

1, TC 2 3£V>«fiiMfWKlHlg&DEV MAXSt/DE 

V M I NK±oTX5-ttii*«WSn&!j»£5*€ 29 

[0 0 5 8] 01411 PKm*tK:tffifi©3r3©tpf!iHi 
fiP%, GAP, FOUR, KtfF I VE«-f|CD5§£ 

tfcmgg i 6 o c±5T«tsn«. tr-^rngg i 6 o 

<Dtfiit>-r*>tCS^*. S&MF^^^T&JSStt 
[0 0 5 9] ^coe-^^ffiggoa^fi, H13IC>RS 

nfc®mzmife-zfta.-Dyv> ■ x^y? 1 6 2iz&m 

§fit£>. -to^w^ftflUftt, 9IA.it, 19©lft: 

*5fitsx h •7ttw.m<Dftm\z*tfeisrzffifemz3-~ 

1f(C«toT-fe>y hoI^-Cfe^)„ (GAP) ff# 

fit, mjg©* v y ^s&s^.fc^ra-f >^-/N*;u*t^m 
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^-■7&mz&&m2. o*— h;uT&D, >ti 
5 5^n>^nfc4ocDXK5-f^'Ry:5oo9x h^-f 

^©y^-^iDDiO, »S^^P B 1$!llSfi4 3 . 7 55 U 

©fcTi^i^fiiswsns. M^n^GP 
e^tt, 4-Dw-y— # • n?—y . x H^-f /M5o 
©•y— * • /t^— y • x h5-f y©^©^^r v ^t-*5 
ttsrWx.tDfiJc*. W^©«fc^fir, x^— 
>*-/\*;u (09) fii, iKaufc^x h^-r y<DSn<D 

&mizm-3^xf*iWVi'-> • **-y79 %frp>&mz 
[0060] PKM^satGAPf^it -^n-en. 4 

(FOUR) {§-J§-Rtf5 (FIVE) M^SMrr-Sfc 
«MC&ffl£*l£o FOURl^li, — y • Jf.^y-^f 

wz 4 o©-y— # • -xh^ x"*^tti$nfc 

^Ffil^OfciS^^HC^:^. FIVEft^li ^t«^ 

^(c 5 o»-y— # • /t^-> • x h ^-f y^assnfc 

^n^^A*H*3ViTPKM^-5§^, ^UTATJfi:*, 
^TGAPm^£gfi*5. t<D7v^- XVypte. 3 
> • 6 6<DAJjmiZ*:0>J}'yyh 

> • T3-^«FouR/t;^«^ar;F i ve/i;1/x 

[0 0 6 1] 015lt ^HftfOUTl, OUT 
2, CLR1, WCLR2^£t5fcft(CFOU 
R, FIVE, RtfGAPW^fcDj^fi^fflStt-S 
#>£^f. 0 9 fi^Stlfc/t*— >|;^bT, OUT1 
RtfOUT2fI^fi±#x^-: --f >^-/\VW9 9 
K45V>T5S£Sn, — ^, CLRlSDtCLR2g^tt 
rtSP^I'yX'g 8(C*^T^*Sn-5. 7U'>7"-7D 
y 7<D7U—&*rn$fflnfem>£:¥&±-tZ>fi:lb\z 2 
ORy-hfcMaLT^fflSn^.. GAPfi^4^(D 
7'J77"-7D^7*1 7 2. 176, 178, 18805 

HiFIVEI^7'J7 
^'7D^17 2StfOR^-M 7 4lzJ§-&Zn 
-5. OUT l^f^fii, 2OOFIVE/W705SWt 

oT, Sl07'J7^-7Dy7'1 7 2 0QUJAHOR 

y— hi 7 4©MoxAi:^^n5. -?-©oRy— 

h©ffl7j«^3CD7U^^- 7D.y7"17 8©DAiiS 
fir-S-AStt, 7'J77 , -7D77 , 1 7 20IfiQffl*B 
S4ffl7'J77 , -7D77'18 0©^D-y^A^JtbT 
#^.^.♦1^,, Sf54©xD y:/ • 7Uy7"l 8 OCDDA^J 
fiiffiilt!£n.5>„ ^5©^U>y^> XD-y^l 8 21S^3 
®7iJ ^7" • 7D-;7'1 7 8^e>Qttl*«^^§tt, -> 
X5"A • ?a-y?mn&*:<D?ay!7Ajj\zgitfZ>. & 
5<D7>)y7 ■ 7Uy7l 8 2fJOUT im^*-^n© 
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[0 0 6 2] CLR1SH ^i3flO©FIVEi 
^WT, ©StlCGAP i^ffls tlfcBtv 1 

0A^©Qffl*^6©7U i/^- yayfl 8 405D 

ATjiHT^tteta-s. ^<nmG<n7Vy7 • ya y 

^^©^P-y^A^lC^Tv-X^A • ?ny^S§ 

[0 0 6 3] 2O0F0URf^OH;GAPMtA«t 

"6 <t 5 if 1 OCDFOURm^©^tCG APi^Cfc 
H#, CLR l«*i«^;PXSr^-r^„ 01 51^^ 

n^«fc5tc cna, gfeFouR«^oRy-n 

f£2 7U ^7 • 705/7*1 7 6©Qfcb7JteORy— 
M 8 6W^77©A73^tC««&$n-5. ffflORy-h 
(DmMtmi W7U ^/7"' 7a77"l 8 8 (CD A7J<t L 
T-S-ASftS. -?"C9^7©7U 7 7*- 7Uy-/^<Dt>U 
•^AAiLTGAPOTAiMsns. m7 0D7»J<> 
7*- 7ny7l 8 8CDQm73«^8©7U ->7*- 7Dy 
7*1 9 0fCDA*<kbT«*&£n-5. ^W^8 057U^ 

^n-yT'tt^-CD^Dy^ATjSfC^^T^X^A • 
r"7Py^«^£§tt-5<, ^SCD^'J-y^- 70^7*1 9 

0 e CDSlfSQ W^J «0 U T 2 W^Sr^-T -5 - 

[0 0 6 4] CLRlg^9©7'J77"-7n77" 

1 9 2K<J;oTfe££tt-5. ^0S9©7'Jy7' - 7D 
•y^cDDA^JfSSflfiSn, J €-ncD^D->^A*tt^2CD 
7'J^7"-7077'17 6 (DSteQffiTj^ ^§^5. SI 
9©:7>j XP^OQffiTjfifgl 0097U<yy • 

9 4cDDA73fCft$&$n-5„ gl0©7'Jy 
^- 7 □ y 7*IK©^ D y A*SI:*H T->XfA • 
9 P s> ^ -5. £1 1 0©7'J77*- 7a';7*l 94 

©SigQHlAliC L R 1 K)8LZ>. 

to o 6 5] ii6n mn (select) mn&& 

^T-STJffiS:^-^ • V=tj (DR) fi^£fE5rr-5 
73^^^-T. OUT 1 XfiOUT 2fflf /WX^if 

W<Dif)l—-?~X.\3. 5 U — 7\stc^M<D>f)V 

— zf\z%>Vt%> l-ZHDMMrt?— >v>1&t>r>\z$>2>. SE 

rt)vxzmiR?z>rctr>izmmtstiz>. selects^ 
out 2mmzmm-znrzj atj«srd^out i§ 

^tC^^nfcKA73^^Wr?)J-K7U>y^- 7D 
77"19 6*f>MSn5. J-K7'Jy7"-7D 7 7 
1 9 6<Di7P5/i'A7jtt->X^A • 5>Uy9m^\zmWi 
£n-5. J-K7U7^-7D77*©QtlJWSELE 
CT«^«r^-TS„ OUTlRr;oUT2ff|JOR 

^-M9 8©A73^{cSi^$n, -e©oRy-h©ai 
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■H\Vt—9- V=tj (DR) m^&fttkTZ. 
[0 0 6 6] 0 9 I^Snfe-T - U -7"LfcIf /\ 

?->izM?z®wmn(D&<k\z'j:<Dj:5ti:mizMmL 

T«fcO^<S^$la^Tfc^5. 013tt&B«^©fg 

m^Rit? u TM^co^^-riaTfe-i),, 013 t^s 

*15J:5';:> SgffliXOUTStfYOUTtSSn 
7 u c3'*5«MI<J;Dj&S. ^©Jc-StC, 013(1 XOU 
10 TR^YOUTlSSlC^ts r 1 j U-^-y^X 
T2j -^7^ >J/^XtC«fcDI^SiJ$tlfc2-pa)^iC 

%g&«^i!£i/x^£at&5;i<h£7R , r. fox, 1 
^©xoutibx 1 ii// > M;±^TM^n, m 

^TYOUTt*»Ylll//>M:J: 0 TM3n t SsS 
^T^C©XOUTM*tx2Xlx/>h^^^D. *C0Y 
OUTt*5Y2lW>h^f,4i;, *©XOUTl?5S 
XlIM>!-i(i^4i;5. J E-nefit<D->-^r>Xttfi: 

[0 0 6 7] &Wmmt. 047536126. 08^.^09 

T[^$n^:4^(DA-f >^-/N*;HBcDiftl-pa , 5* <> 013 
CSSnfcJ^aAlz-^XL X2, Yl, IklSY 2 
\t A&tf b ©^Str J: k: «t o T^ff wrtB 

TXOUTfllS<^YOUTil^5fe-r-5« A-f >^-A* 

^&tf.B-r >^-/n-;hs0 i 7 \z^xmmmtzm^n 

So 

50 [0 0 6 8] 01711 AO^-A'MK A2, A 
3, S^A4*s-f©MJSt^B^>^-;UB 1, B 

2- B3, x.ztB4iimm\zmmzmmmzmg.?z. 
&ARtfB^f >?-/vi&m9$-rz>zitr)izMmj]0>? 

4->XfA*ffflLT§6n5. @13l;^n^J;5 
tc. ^l©(B^±->X5 i A«2^©M(OT^^Al/- 
*XlRXXYl£lt^ i2©«^t->XfA 
40 IJ 2 a. A L/-^ X 2 WY 2 ^{j. &7"="r:x 

tin) 71 mS H >5>U*>bl <DXl£>(D 

JK^JC, 7^rLAl/-^«^>i7U-^>hROM (IN 
CROM) ^f.f ^tlfc-f >^M>hffll$r- 

• nz—ynmzfe-o-cQ. i. 2. 
3, x«4kk >^i/^>hs:in^5. ^-n-^noit-^ 

^±->X5rA©^UTIS (CLRlXttCLR2) {C*5 



(26) 
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{CiD^^^^as^^,,, — #, -f>^M>HROMH 
il^^>^TC lS^TC 2{c«fccT7 K!/X£*l 
•5. 

[0 0 6 9] Affsic&friTtt, CLRl/WX^i;^ 
ncD|ia©T+3.AU— 1. Yl, StfD 1 fc-t?D 

Mts^. ■ens4poi)- # • a^— > . x h^-f 

•?V)>f)V~ yg^QD* 5^©+>-— # • A* 

-> • X h5>-1-7<D2~D<Dif)\,—-7&mV)2>. W&t)V 

>9\t. ^ofafc^K ©■+)-— # • n?— y • x b^-i rf* 
mW^Tz.fr*mfa$%Tz.ib\Z\i— 9 (PK) AJV-X&* 
>>>h-r^.. CLRltMtWttcoSlOPK;^ 
XBStC. v-X7\Mi«#J©B--f — A*;P>£rth^FUteJe) 
-5. 82©PKA;l,XfSH;:. ^2©B-T>^-A;Hf^f 
l^«SK:*St)iI£tt£. CLRli^t©$6 
©PKAJPXBffc, SlCA-O^-A'JUHSfiJlMS 
•5. S^CDPKA^XBfK, 82©A-f>^— A^HtHf 

^i&s-s. cntt, 1 i#g©-y— # • A;?— > • x h 

PK/tJl-XNft. 8 1 CDA-f ^-A^tH^RO^ 1 © 
B -f >^-A*;Pm-^*tj^Tf C L R 1 m*t&©8 1 
4 CDPK/t;i/X^f(C, -T^TCDA&tfB-f >^-A;W 

^tl> j te>%nzmt)2tiz>mmrv%2>. i*f©5<@ 

• X h5K ^IJOUT 1 A^X^DZiimcm^MSfg 

±-r-s (sis) „ 

[0 0 7 0] 7+iAl/-^li -f>^M>hROM 

cx-r /\*;p*ei!ie«jicj)n^5. 0 1 8 te-en-en 

©-f >^*>hROMKtat6£ft£:-r>i7U-;*>h • 
^— ^Sr^T. Sl8}C*5^T, TF'l/XW, MS© 
C L R 1 XliC L R 2 f §©IOi:Ot-j|? • A^-> 

fflXl, X2, ■ • D2B, 

-5^ U 7ffi-^{Ci!S^TP KA;PX©&£#flrr-5 

> hfittt c l r i mnv&v&ttrz. p k /vvx<omzu 
^t-of'^xsn. — # X2m\z3mz>iysn, 

^>MUCLR2 M^f©«© p k A;wx T-f > 
[0 0 7 1] X 1 7*zLAU-P<DWsft$:3i\zm 

v<m,wtz>. mj3<D7*=LAu—?%mmzmfrz j & 
z-c&z?. 017^. cl r lmnmzmwz ntc 

l6©D-i|f-/^->.xh7^y*i5^0Xh^ 
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■7<z>mB\ztt-rz>% i ©A-f >^-a*;ko^^x^- 

•Xh5^7\ A7HfflA7tnyf^ RtfA-O^ 
oT. PKAJUX&*-i7>h-r^^tA^^i;^^ 
^>hROM7HkX}J6l:^b^ 5 018^6,, XI 

[0 0 7 2] CLRlflf|;t<«7CPK/'i;i,Xt 
10 ^i<DA-r> : ?-A;Hi^$ni^tt. -#8 2 CD 
A^f >^-A';Hfl^*tj!fe^ S„ t¥ oTv 87 ©D— 
r\9—-> • X h5-1'ySr«|^ofcJltSg-r8709PK 
A;PX©», ROM7HUXIi7T$D 1 7+aAI/- 

1 8^6^^*>Tafe-5o f^ffc, 88©-tf- 

-*-;^->-xh7i'7'$i«)-3fci, 3^©A-f 

^-/tMl, A 2, RtfA3£i|iPS(;;§fR#$tl. ^ 
3fctt-1->^l/^>hStl^. 8 9 00-y— ^ • A^ — > 

i^>h£ti£. 8i i co-y— 3^ • a^-> • x h7-f 

^fCfe^T, ll©A-f>^-A'Ml}»7l. t£o 
T. 3-D©-f ^^-A^fctt^th^fSn^lt'So t£o 
T. X17+aAl/-;S'|;MtM>^M>Ml R 
OMTKl^X 1 lfCM-T-501 8©r-^-l>N'J 
IZyRZnZ &5lZ3\Zte1f<Z>tlZ>. I140U- !}? - A 
3'-> < Xh7'f^O^ > -r^TcDA-f AJW& 
7b. fot, 7+aAl/-5'^>i'l//>HJ-|fD 
l£%b*. IP"^ 7+3.AU~5'HgE(C4OC0A-l'>^ 
5£7 -/\';l/WfP^^^ ai7JMttOUT 1 A^X^DfcM 

[0 0 7 3] S2©«^4i/XfA©7+aAl/-^ 
X2MY2©t7 hiWItlfclMeU CLR2fif* 
ex^-hLTOUT2A;PX (015) (C*fT-5>^ 
JC^Tf-So foT, CLR2m#09^IC«©e,tlfc8 
6©D— ^ • A*-> • Xh7-f 7"tt40©gf©^ 
— -7\Zi5W2>%$ 1 ©D— # • • Xh^^CftzM 

40 fat*. S£oT, i2©fl^t^-^tSAl 
-f A')Wte*D, X2T=^3.Al/-i5'ttlfc*lt-f 

>i7^^>hb^:^n«7i6i^:V^ Z.tl\t. @18©f 
-^;KC*3ViTX 2«j©ROM7 Kl^X 6 lZtt-?Z>ttlfc 
bfcfit<toT^^n^)„ «#*«J2. 0^— b)VCOT— 

tt. SfbVi&SM^x— ^«:»8KHzffl|!|^TMt 

[0 0 7 4] @13lt T^iAk-^©tU^^-en-e 

50 LTJlS&JfSSnT, 2^©fl^i->XrA©5^© 
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<>: e a* a # s n -s ^< # ^ ffi © ffi # ® £^ o t £ ^ 

OUTlA;UX©^ m2 0mn5££.i'Xy L & 
frt>T*3.I±V—5>(»1zy btfTpTJ^ZteQ* -^L 

i 7 t'^^nfcf >^-u-yLfc^jg-y— * • n$— 

>\ZMVT* 7+aAl/-^Xl, Yl, DlCflt 

y Mi. 2cxD4x h^-ry • ^JV-^amzttiVzo 

\JT2K)V7.V>mz7t7T-<y\Ztzr). T*zl&\s-* 
X2, Y2. D2©Jg2-fey Hi. 2^(D5Xh-7-f^ 

• ^-^©ttiCsouT i AJ^x©m^;:7^7 7 : •^• 
:/fc&<5. 

[0075] 01 4 tc^$ nrzOfm^mm-cit. cm 
vrzm&x.it&ftftim&*8im?z>rcit)\z. mm-ox 

t>-?friZzs? hVfz&miZjS^XWt&SfcZtlfc-V— ■ 

n$-y ■ x b^^zr^mt^fcmz, xf/- • 

iEcDg¥iffl«0 1 4 \z^-£tixu^&. mio Jbmm 1 2 
£m?z>±mv>isiyifr*>&T> %mmiz\z. ^©^sft: 

X«t*l7>h-r^M^*^>^TC l'K.tfTC2lc<i; 
oT^fflStl5, tflA^;^X0UTlxa0UT2 
^USI?. JELUJMMSc (0^©=t5tCl 3XH1 
4) *^WStlTV>-5^t*575>SrflI^fc4e)JC, «6*HIJt 
tfcSfl^xy ^lir>> KCDT^^AI/ 

-iS'©^. SH£©/9r/£&« 1 4TJt), — 

^jctoTjgftsn^-^AiaF (do m^fcmoi 

^^Tab^^ 0 yXrAililg3 6 (02) tt^-ODDG 

~C$>K). ffife<D$TJETi?5'a >*H-5Jlt*?|^Stl 
•5. $fi!&*;&S0j|Tfi. 09iUi, fTIET'^v'aMi, a 

#«^£^n©ita©tetci8M$-f -s c t ± obe-s. 

[0 0 7 6] lo©D'-#.;^->.xh5'f^e 1 

<oPK/vixt>mmzmfflmz->y hzftzm-s. a-i 
y $ - JWRzfB -f > ^ — tvwtm urn. ^t? & 

— ^Sgfitf-s. ^n^co-y— # • ap— y • x N^-f 

^Wl:y7hSn5«&, *-©*&3Ui#-fcrn. IP 
*i. iEXiZMiittZX'&Zo. «*Jt&ggDEV-MA 
X Rtf«/htt3&ggDEV-MI NliD 1&UCD2 7=*- 
iAI/- ^©ttlTj^rcy^U U— # • A^ — > • x 
h5-f :/©->7 h£^©S'Jv»J; 9 
■?-©i?rj£©&/hgfi. ^(D-y^Aizmt^iEmoy J ^ 
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-fS^. X5-^-r0fJ£©«^aj:Dfc>'7 h^g- 

D>b*3V>ft>Xt;rei,V>«te. »)Kt5D17*aAk 
-^XttD 2 7*^2*1—? <DtiiJ3\mi"<Mzter), 
giR^-^ff^SWtiS^t&fc. ^-^.kif (DG) 

m^zm±?z. £©#*£•?«. mm^^vzmmz, 

=7y?k - /-fX^OUT 1 XIJOUT 2^/^X^ 

K£.-rz>\zmv7tn#— y&§£*k-?2>m-&. ^(D^yy 

[0077] ffim<Dmny i =i—y&zfi&wmn®&\z.. 
^&ftmm\z&^T&Mjjm\z j *—#mmb ; 7y?(Dm 
*&Wr>Tmmm\zMTtzmiim&*m^ttb5>i-7 

-y— # • A^->*^5f0fcBsnfc2^) 

©-f >5'-A'j|,©tt:©BiicT&^ti:«m^^*-r-5, 

20 Zfrte£5\z. a^x-y©.J;5^:^lBtS!®#:^*5^ 
T. 0475M09 CSSntD-ii? • /*5>-y 

ztc<b\zm*tti&m&mm-iiimx&2>. ra-^tio 

[0 0 7 8] 019I1 MSB©-!*— # • — y&£.c 
-£-&Z>Zitb<DM%.F : 7& • yXrA3 0 0 &7jVr. D— 

©^-^fcifijitT^i-ipj^fc^s-^^-r 5tie3 o 8 

7— ^ORMMX. H7A3 0 6O^M3 04Oft 

zntc^o) K^A©^g5»3 o 4±tft»an&/f> 
Hti, 04ic^anfcfc©tf^c-y-— ^ • a^— >^5r 
-^"3 o 2±{c^*-r-5. d--ip • rtp—y&m&.-r2> 

ftftO^A • ^X5rA©*JgfcWT-5-?-©flS©|¥ffltt 

#^3, 8 6 9,7 1 l^^ML-T^LtJ. 
40 [0 0 7 9] flffinWift 3 0 8 *tR|fg(7)-y— ^ . — 

K9AgP^3 0 4#>'-;UKT-5£iteSSt#K^£ 

#»$n-s„ ^nrau -^©.tdiftSjSiOt, -y— ^-a^ 

-TD-f^e.«fS$n^©*tM*L-ti, 

50 [o o 8 o] rt?-y*±visi±z>tcib<»Kmts.?3m 
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»a^nsscsj©«a^vy • ^y k«. 
•DtMsnfesa^t^O'S- #«&»^y H4 0 

0£^t\ 02 1l;^Sn&AyFtt, — >fl;L& 
N i ¥ em.mKfm.4: 0 4Sr*-r^7oc^-f h • »J >{f 
4 0 2*6fjJ4. 2t^(D73:^'^ h • Vuyiy 4 0 6. 
4 0 8tt«^y Ka»W?€»j£U • x^- 

-y-4 1 lfcJ;-3T*H***l*. 
[0 0 8 1] *0>"\y b*£&*.;£ET£«£\ 5feT. 7i 

4 l lj&tx#+->^S!im;oT, XH^7X8fftS 

o\z?y72n2>. Sf-mfcmmm-cte. pm«©MgB$& 

h4 1 2&^y KJC«J0&£tl5. 
[0 0 8 2] 13 2 2 tC^$n^>«k'5JC, HI" 

T«» 8 0 0^->if7, hn — A©N i F efflStl 

mzmrfL? Z> y * hmt 2 5 ^ n >iBB.c> 3 5 

[0 0 8 3] 3fMcO^^«y^«jS^7* h^>?XhtC*5 

fifC Ni, s Fe tl ^4 18«Sy-KK74 16± 
{C*«|2 5^D>G>Jit$(C^y^$n-5. JSDCD^^hU- 

2 o^Mgsffe»H±{c^n<£«sif^)7cii6t#»$n 

•So <fjg?S:SliS«SJ-ett, r«SMfi*53 0 0 o^->^x 
h D— A©^:#:iP$J$^fcN i F e N/F e N©fftjg#| 

■V =E > H © <k 5 ft 73 - # >X ttflS (0fn:S«14«^ r & 

[0 0 8 4] g^lc, 02 1HSSn-5J;ai:, n-f;p 
4 2 0A!1SXD.> h4 2 2 5ILT7i5'f f- • ~Ju 
y 9 4 0 8 CO 1 •pCt^ntA^ h'Sr^T-So S^-r 

Z>. t£oT. 04 7iM0 9fr*Stlfc-9— # • 
£)tfLT&??&*oifi <©&<&*■*• y ^ttSJl^co*^ 
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ft<t5tc, lEA^KTIt ¥S^31co$!lKc07£i6fc> 

[0 0 8 5] 'vy H 4 0 0 CD 1 -pCDtHSft^te, -^n© 

<fc£. @2 3ICSfCpb<*$tl/t#3X*-4 I ^->7 P 4 1 
4teffi8MN i Fecoa^v— hrt^Stl^,. ®^CD*n 

J&t-r-tTcoas^iinsstfittco^^^y^ji 
< ft^nfift6>ft^is*3tiTv^„ ^-ns 

**y!/ttN i F eC0^-h{C«fcoT^SS$n^«fc3tC 
Uj5>U Mlc^#ft«Sgt?tt, NiFe©#& 

co^f, cicoiethtt, 8tis.7—yiz+ftizm&mz<&mfc 
20 y7\zm^tz.ft<DW\z®muwLmt.imfc^ftm* 

y°lZ£Z>mft.&g:\fZ>l&EEtlC03L-yz;$:.l3.Z_2> 0 X, Z. 

co«^*-^x.^o 9frtirc/t?->&wm\zmi£-?z>tcL 

tbiZX.^7, • 71/74 3 2*t*jX^^^^ 4 3 0 

^Tia^>-r-5. ^n^^i/Ttt^^^^^cossgp* 
50 -e+ftt£W&?>-mR*ftmLTmw-rz>£o{zftm? 

[0086] mm.^-vu'iTRzm^ v^msm 
&&wz&%mm&%mmmzi&<frtb\zmQ$))%:&m. 

^y^4 1 4 tf^E- CD'S-/ KC0MW^k#:^^ A— T 

*. ;ico^-v^ycoMag«, ^neiimicfiv^t 

[0 0 8 7] 1J— H©jffMftSI}S0iJtt, ^ 

>y Ht^r-^t©^©AifftS«^i«Mt-r-£.fca?)(C3SM 
XD-> hSr«F-D7tP3f^tt^©^->- F£^ffl-r&, r© 
Jt«€:*i«f-r^7t«)©fl&CDafet>^fflnIffiT35^. S(C 
PL<SA«, /h¥S©Xy v'^jfofc^e.ft^y Ktt 

x yoi d fc^-^*a*as ^ t tc J: o Tffiffl nJtg-e 

m 2 4 tt^Wftft^^fo 'Vy K 9 0 0 
tfr® 9 0 2 T—y"Q 0 4 ttfc-T^ft^-— 7\*y 

50 <\y \ i <D*-rt7yZnsfcm<D±.\Z^-7m?7?i/3 
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\zftm-?Z>. 7—7\t, J £ti<?>mm.<DW&5\-8;<Dfetb\z 

^©STCSy Ktgf/BrT-S. ^S^fct-'Ny H • 5r— ^ 

£>^&J;5t;:. ^\y H«)g^D-feXlr*tj--5^»6|t;«n 
^tt©IIIBS;i!*2£Mxny H£-\y K©Kib&»e.|S§K c 

[0 0 8 8] 02 5te. ;^->gg->XTA5 0 2S: 

0 1 IZ^kcZ tlft^r — ~? • F5-f^l 2 tCg:tt-5 £ pJ 
fgTifc*. 3E(CPL<^^.«. g|2 5lt 09©-y— # 

u 02 \~Bamz 3\z7jk-gnr£&ofcm&%-'\y f 5 

1 0 tft«Lt«af-^5 0 4*<i@ie,n-5^05^-oe 
^-:/£¥ffi0 5 0 6 RZfmffim 5 0 8 TSr-T. -£-© 
"^-^ttScBJ 5 1 2 tJ;oT^$tl-5^|oj{Cjif,n-5o 

[0 0 8 9] ^— ^»a*A» y F 5 1 0 tt. ffiffT. 

sn&nat. ffife<Dmmzffife<Dm&<Dmffi/vi>x-z<b 20 

— ffitt©«St<h©P«a^Dg|;i<E>n£ < , ^nii, 

a^y F&mmzmmt&cDnffinm-z&mzwQ&pi 
©#& t owsci icgjt-r 

^ffT&S, ^— ^5 0 4 ±lzmW.<DD--tf • /t^-> 

»&2M\y H5 1 o\zmxmizmm&/v]sxfc2n 

•5. g&^'Xy F©F^:KW;ftm8ftAJPXte, 02 5C& 

0)7— Zf±\Z*kCZ>. 02 5fr*>Wt>frf£&z>{z, 2o 
©ttftLfcX h y • A*> HXtt^^tSa^-^y F 

5 1 0 &mz>&nwvi7,\z£-z>Ti£m2n2><k : D\z. 

Rtf 4 o©-f ij --7lsfcmM<DifJl-7\Z 5 1<D 

~7L,tcmM<D?)i-7t,v&ffi-rz, £^*>& 
z>r£tb\zn$&rt)i7,-t)imm2n2>£viz. 2^>©->x:/ 

[0 0 9 0] i2 5(t -f>^-'J-yLfcA^->*t 
7— 70) 1 lsl©/'?XT##i££tt.5«fc 5 C^O^y F© 40 
#jX^.^^»y^SP4©X^— X5 1 l^s^^n-s^i 

2 ©#fir£i©r&m© i -3>©-y— it? • >m&x b 
mmzmm-tz,* 7— zf\zm&-znrcx b ^-i :/#-€•© 

T, 'S y F ««1 D jg tPaen^taaSid «Jy3po&fije Mi«S9, 
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7—7m&%-m&0)tif, 4X Fy-f ~?0){f)l— yx«5 
X F ^©^-^^©ft^/^xiCiJtt-*. F b 
-'J>^-**y:/5 1 3(C«fcDfB^$nfc^#Xh^ 

•f to)i/)v-yo>m 1 «gg/^ux{c*jtt-5 u-^ 
1 3 tc«fc Dts^^nfc^ 1 x f y< TKsmica&fc* 

#?2tl£. foT, "\y F©4;Xte5|5J©f£fi!)©|g, f9r 

[0091] mmz, mm?*-^* - . 

■i>?—/Vl'\t, it- -n*>— > • x 

•5. ^^^IfiltCtStt-SX^— v->i? r • < >5>—)W0)ffi 

m\t, ^yFi)W&2n%.^mfflo>mz\z&-DTR.zmi 

fC«toT*^iiSn^)X hy-f^tt-r^TWcD/^X • 

•Si'SJr+iXcSiri. fip^, 1 -z>a) if)i—-/(DT^TO) 
S^x h zfit. rk<D>f)V—-7\z%>rtZ>^-¥rLfro)^ 

[0 0 9 2] 0 8IC^$tlfc<fc5^#'f >5> — <J— ^- 

©x-^-xft#RcX/i;wx^«. #^/i;px^ptc h 
y7\z&-D-x:im2ntc.M&x h^-i 

$ nfc X h y-f izmZ. -5 «k 3 ©T * 

•5. EP%. V-r-i >if - *r>y?\zi:?Tmg&g.n 

fex h m&fr-^y bo>x.o)tt&mz k u 
mwvvxmzv-y?j y^z^^xmm^ 

JPX^f »C bU- U > ^ • * * y ^ «fc o T fB^S tlfcg 

»fc*V»Wf|HJ*— * • A^-> • X ^-fy^DS-B- 
«.fc«e>©1t— 3j?Sji*^y K©^*ig?)-B:5C:t{cJ; 

[0 0 9 3] H2BfcS4n5±5IC. It— # • n$ — 
>fB^->X^A5 0 2©7 r oyyApItg^;/t^->^£ 
88 5 1 6«, #ji*.^\rv H5 1 O&fflX.ffjfett^&QiC 
$-&^>AJUX^S5 1 8{C^5tl-5y^X^^T 

•5. /t^xSteWK-r&O. T-^ii-toigt«;» 

LTV^©-r, -r— ^"5 0 4±CE**nfct- JHa* 

/t^->tt»a»A.y H©H^©^^ y ^S«fi< bfc 
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-7&sz&.wvixim<Dmtci-tm&&^v F-h©^-^ 

to o 9 4] -y— • 7.7- A 5 0 2 HA 

fc<o±±iz?<ti2>. m^-y*<Dc?g553n^ (5r- 
h 5 i osra^>««tH. g»sn&is/^- 
&fitnfii&e>&n. ^cD^wtB®$nfc/i^->ttK 

5. «&#-«SSt©;*;£$fii. 5r-:/©#&*nfc««© 
rafc£a4>£1±TfPfc 0 «^£/F£ < -T-5 J; 3 fc«/MiJ 

[0 0 9 5] 025 \Z3onz>/V? — >m.±m 516(53 

mm\z 0 ^©aiv> < ?*0>tt8r? «, 0 wfHT 

t&1ZWElQ&m* : Ei) (PROM) tC*5^iTE®o!tg-C 

*. gij©^j*tL,T, &g&/wx • z^— >}$mmti 
to o 9 6] ^-^itsassnfctf- * • ^->© 

fit, •rarrsntaJKfcJiKtt.B. ftSftJtllM-T! 1 
fi±, 0. 1 XCf-^lflfllflEiWWrAS. ^©<fc3 
&*SS£l#-5;fcJ6© 1 ^(DftWJSfetem&fr^y F©ifi 

fe£i*£tl£IE5875:v"-v:7 F • x>3— ^5 0 5 fitio 

tO 0 9 7] Ajr-^.^iWttSnfct. 
fiMK**^ y F Srffi bTmaS/WX fil23g|Sftfc: fitnfii 

^^stok— 1 5 oi-y»<onw& 
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ttofc/wx 5 o±yg>4;Ofc/jN$^Btp^ 

J^fe/WxateStt, HAtt. ^fflMOSFETX 
tt£©ft£fii, ;in&±©!a9iftb-T?fc, ^m«fiz»$ 

m\zmt>&-v$>*>5. 

to 0 9 8] 02 611 t— y«K*?««-T^-y» 
&^->X^A 5 0 2 ©SEPfSH-CS. 0 . +f— # • n^— > 

tf^—-y±iz : sz&-£tiz>mz7—7 5 0 4*«#t»U— 
T. /t^ — >f§£|§5 1 6fii/t^ — > • /\)V7>&$&± 

(c#^-r^>-y--^#a*'\<v f • /vvx%±i&5 1 8 fir 
J tv>/i?->iz&£i,m&&m?z>frtt>\z&m2 

nfcfitnfcffc 4f—#ffimr)'\y F 5 2 4«^>fB 

*#4©g§ 5 2 6 firft*&-rs. ^©Mgiflgggfii-tf — 

^. RtfJEfilf— # • KOS&ttSfiy^tSi 

fi±* <5ie.75>cr)X^-*t^a$nfc«-&, 7—^5 0 4© 
TA&ftifi-r—J-jj—hVyz? (mi) iza— FStl 

10 0 9 9] E©«Wtt»ffl©U— # • h9y^©StE* 

^ • rt?->tzMVTm4&#)\zmmi£tiz>. m&m\z 
fii. if— ^mo^T«v^fecitie.-y— jj? • F^^i7 

©lo©Ji{c*D. «S©*f(ir-^^M10S 
Afiilf- # - n*?—y^ca=r-*? • ^oyifftHC F^ 

y^-r^fStfJfit^FjjbT^-S. C©*feT?fi±, If— 
*^R^5 i -5'©M^Sr^^fcJ6fC^— ©i^^ffi 
nUgTa^-S,, ^©^^©if-^^K, ^— ©^ 

**M*(c^bT€effl$n-5*:i6, if-jp • +f >x>j$af 

©^«, *^1f— #K»D^y HSfiffltSrt^ 

•r^T^fflaw©fc«)fiz, #^5n-5^it-i?ab«.„ b^ 

< -r •& c t Rtsgiifiwif-^^Rr/^-^^^^^ffl 
■r-scitfceEg-r-s^-^-fey f • 17- &^<-r-5ci 
t©<fc^^©fij^#&n^o cijucsi^bfcif-^ 

• ~>X^A^*&jA,^©-»f— #©7y>J^— >a>{Cjg 

50 



(31) 
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[oioo] «±-m, y— xmmQ^y K*t-y— # • 

-y— tf&wmmmn&%&.t2>. a-*- #• r^*© 
4g£«^oT®a^£««s£s#©-y-# • a^->s 

IB9§Ufc. X. •;/:/©■*}— K&8§ 

Efc-r-S^&Sr-g-tr. -it— 4? • A* — >&5£t£TZ>\zmh 
>t«*©y— XWiL^y F&WiWVtz. 3zlz, = r—~7 
fc:fctt3-y-# • A^->wiE«t^:||^^«|E-r-5fci* 

[oioi] *ftw<Dwm&m*>nz>&5\z. »mum 
mm\z&-oT*?£'m*m.mvzi. v&v. *m-c\m&i 
\zmmvufr^Tz&*5m&mm^mi3.gr<<Di)-—i£ • 

[0 10 2] 3c£je><kLT. *^©^ICHLT£AT 

[0103] ( i ) &m?z>m%.mm.m#o>mm ±.o'p 
&m&j&zr£&{zmmmmizmmvTmm.^y b*£&g 

.hoy— i}? • A^->S:^^|p](C^^fc«6©^< 

tfe l^co-y— ^sco^-y Hstu mm-D— 
•7t>^>ji, «MEM3RD'\y Hflre*s*t. -en£ 

5*3 — H LT, WE-y— # • >\9— XcH-TSMGMPR 

o^u/ H©fea<£*-rfi:g«-^&^-r-5fc46©-y— 

• ^rj— yra^5Rjg#©®^v— - •r>xs-g-tr-y-— # • 

**we h ^ v zom&mmi T&m-rz>m\zmm-v--tf 

^b^i z>z\t. mw.7.h7izrwptz<t 

t>mi^te^w(Sj#Rorm2^A©ipj#sr. Miami 

^&zmn(fii\zm&^%.<D&mmn$:&±-Tzxisb<D^ 



Wffl¥-8-3 0 9 4 2 
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(2) KfiB-y— # • ^n-yttsg|B^i^^ ro ^,^ ro 
X h7-r^^Mta^2^fi:^(DfR]$CDX r^-f 

€?© 2 orox h ^fflsr^w^ra-f >P—rt)V<Di£\z 

(i) (cia«o-y— tff&ffjiv'X^A,. 

(3) ttEw^a-^iamasicattsi&o&wa 

5±IB (1) {CfB«CD-y— tffWWvX^rA. 

(4) s(riaft^n-y«. trrtax ^ammmi 

^Rtx-etnr^< wsam 2 #&#©rnji*©«gtfs©M£ 
x h ^< ^^^ofc^-yTga^j^n-s-y— # • 

RtXSata^-ytt^^w-^^JCtoT^BIS 

tiT^scit. swat-r-s-hta (d ictam©-y— ^ 

20 (5) ^E!)-r^fiSSilBtg|«#:co^ffiJiOD^< tt, l o 

<D h =7 v v izm&tznx.-*)— # • n*>— >&wi?*-mz>rz. 
tb\zMmmw\zmmL-zmm.^y H^es^*ttsfcJ6© 

•y— #©l»->X5rA^L/T, IW3E««Mt:±0-y— # • 
i, WIBSsgiD'Ny HW-^SrStt. ^-tl^^n— HL 

t, Mta-y— * • K9->\zMtz>mmwm.K)'\v k© 

iB^tzfe-iTmm&w>7±i>-7v zftm-TzfctbiD-v— 
^•3>hn-7i, s-g-^ irta-y-— # • ^n— y 
mmmmv^y bmmimmtim.m^±iz$m^n 
fcBfjfewu— ^ • /ty->t*fflw$-&5) < j;^{CB»fa^ 

x 5 - mm & & -r c t #m t -r -s -y— zt? an m ^ x y 
(6) tata-y-— ^ • era— y©x^— &^m-rsfc»© 

m&(o&&t> v >hT&z L&zfmmm&o&tmfecD 
y—x • rt*->\z$mz>m&<D»t$ : it%rrzz\tiz 
.fcoT, wfa-y--^ • ?\z&^>Tt>'y> h^nfc 
M#©ts:*tsafa^©-y— # • rt?->\z&rtz>m&o 
mzmis<tz\,*®^ stria-y-— # • 
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a. 

7 y * Wig £8S«Jo tcMtf . MEBA'v y H # 

me h *j 9 ©itss^-D x&m-r tfwt 

ftfoKK mess 2 *&^i©ioj^o«sc®cDSi^x h 7-r 
•5±e (6) \zmm<DD— jftwu^x^A. 

(8) ME*- A^->©pg»x^-5^ray>ft< 

tJCt. 2fctf|&Eiffl£:7»J— • X^— XCDMbB^^Ip] 
Kfett&g/JvBW:I^U;£&&©rRm<z>x h zf<Dtf)V 

^#®t-T-SJilB (6) 

fcE«©-y— ^SUffliv-x^-A. 

(9) ME*— # • ?3-y©l7-Sft(lJt5fc©0 

fSTn-mcit, S&ffi-y— # • /t^— M3;MEh 
9 y ^ ©i|§ Sr&gj o T^iSWtC® ^, MEfiBft's y H *t 
ME ©iHSr«^)o T^ft-T^Wf icwiB-y— 

ISO'S y K«^A^fc-r^«k5^-9— sfl • . x 

^i^&A©rsi^R^2^^cDiPi^^, Miami ^ 
•5 t^tfc t, s^mex h^-f ^iffi^eoa^Lfc 

H«»(D^feft©r6l#TX h 5K 

ME^-^ttME-y— 3j? . ^a-yc.t-pTtfctfipjfrE 

t-r^±ga (6) tcfa*©-tf-#iwfflh>x^Ao 
do) ME-y— * • /i*->©R»i:7^-5P-Hid>& 

^trcit, r^me^^u— • x-^-xwme^* 

^-T'rt-cMtasttroai^bfc^ffisraosfts^^ 

(9) »Ci2«©tJ— /tff&WvX^A. 

(1 1) WiBlf— ^ • ^n-^cox^-Sr^tb-r^fci* 

ftffl©0r£©*#©»£jfHaiB!©ii#BK 



1 #W8-3 0942 

HH -/t;mimoBfliSJi ^-fg#l*3©MEf?r5£ 
©Wmtc^L < ^V^^tc^ffi^n-^tx^-^SiSr 

t» 5 _t!S (5) (CfB«CD-y— i^WWS/X^r 

A. 

(12) strta-y-— is ■ t3- £&tB-r-5fc«6 
©^&tt^2t«5|8J©$&<B©R#lfSH >^-a*;|/^r 

-fE#<tD ! b#<iffl5tcS/5:oT^^^ > ME*- # 

• ^3-^sx9-ttji*^-rit&4#@fr-5±ia 
(in izmmo-v— #$Bffli->x^A. • 

(13) me*— # • f3- ^©X7- ^m-r-5fcje> 

£^-ttKIHLTJtlgU fWBft*«jJrje©x9-K#J: 

y&^-ttm&m-rz\izz%tmtT2>±m (id k 
eis©*- *«jffli->x^A. 

(1 4) ME*— # • 5*n— ^©figfi-Sfte— g©ffi£ 
ME*— #-ra- ^flfMEflPftD'Sy FA*£ 
*5^^,x9-«|g^ig-r«-&, SEffi©fegff^©<S«M 
Ex^-tfliroMfc^Cfc 1 oxtett&fi©teg{g-f§-© 

T^>±E (5) CE«<DU— JttWflPvX-^A. 
(1 5) S5Eg^$nSMttX5—iKffi^$n-5ft&tc 

^©«Tafe^>c:i:$it#®fr'5)±E' (1 4) fcEfSCDU- 
-5KMP->X^A. 

(16) saEir— • y : =i—y<D&mmmz—mom$: 
*5tt^x5-«ii$:^-r«-&, m&n&mmncDm-Am 

*Stl^^tSii#®t-r-5-hE (5) fcE«©U— 3l?ffl 
H->X5rAo 

(17) f3EEttj*{fc-k©H&-51r— sj? -;^->^ 

tie*^3-HbTMrE-y--jK • /i^-xcpt^sje 

T?> 1 ^>Xttffi^<@©^-51r- # • ^rn-^i, 

l!3E&iB2nfc§ift©&gffi-5fcDffi£. x^— t^S8 
t^!S:H 1 ^Xtt*»<H055e>ft«firg«-^©M*^3l»3ffi 
■2ftt£m~Ch-oTW&-?2>Z\£&l&WLizTZ>±m (1 
6) fCEKW-y— 3j?Mffll->X5 i A. 

(is) &mtz>mfm , &mfrv>%m±.<D'pte< t^i 
•3<D\>?yt>\zmmztiXL-9— # • n?—>&mw&z> 
Tzmzmu^m^mfe Lxia^ >7 h *&b-^ it ^ fcse> 

cO-tr-^W^X^AtCbT, WEBE««tfr±OD v -3j« 

• K9 — >*^W3fa\ZWffiLZ>r^ibV>'Pti.< ttl^© 
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U<>:» NeM«D^yf«fll««S«t. tn*r3-FL #o>Nn-7t, MB*- # . ^n-^tt 

iMBE***#fcWLTt&B'\y P • 7ir>7"J Off SraoTttKftftaitf. ttEKft^y H*t«ttE h 

«^t*«t"5fcfp»an*»»T-t>^ut. me&® 5^ ©*e««oTiwft-j-*i*fcWEu— *wro^ 

«^fc«-DTWE»»7-fc>^USfPWr*«:J&<0U— y YWHMMct*H*>tt-* ■ • X h?-f 

l4^<ttloO5 ! -^«0AyK*4*, MBS> l»«U)OM«K0«2»iMoil||«t, MB»l#tt 

**ift»c»UTaiaa*i«i©/\y H-ttttUT«*je* jo ft©rfii^^WESg2^eft©ifi)^fc¥fifc^e^^j;5 

K**, EtT. MBD— 3j?« 5*3-y*©5*3-p-T-5fc 

a&©^©«, BllfHX h y^f ^*t» 1 77{fcf%©|pj£©«& 

ia©a^x h ^-f ^**tr^-7Tftat-c-nK:«< turn 
3-H-rsrt, *#»<h-r-5-y— jkww^^^a. 

(2 5) iKE^-tR • 5*3— y©r3- PT£Zig>©^ 

^-7 r a^ j tnfc«< is 2 ©i6j£©&»ih©&six j. 5 
20 -i7&m-otti/)v--7-vmMtsn, uE-y— #• 5*3 - 
y\z «t o tupjtgfc 7 ^ — 5^ ^ j; o x?>^ s n 
fex h^-r ys^-r-s-y— # • >*»6»*$nfc 

(2 4) 5j?«f9^5"A. 
(2 6) iJSt-iJ? • /^—>0iM9&y^—^-\r\ir^r— 
#«l«««a«-«!HIWl*«rci«Mltr*±E (2 
5) l;St0U-#M3yXrA. 
(2 7) WE-y-- # • /^ — >fflHW7^-ftH^S 

WiBX h 7-f ^ttil>&< t feS 1 *tftffl|«ltR»I 30 dtTCi, X0fWE»»7U-- X^-XOiJEIg^ 

2 2rttft©fa** % ME^lXJfeA©|6j^gftE«2XJ ftK*tt*«/hf^t;75&A©[6]#©X h 5-f ^©^ 

4fc*©fa*fc¥fTfcfcS&V>,fc3fc*trc:i, S#ft ^^rWEattflDaWUfc^ffiSIWOittE**!* 

T5±E (18) tE«©U— 3HfHffll->X^A. €«MR£-r*±E (2 

(2 3) WfB-y— jR • A*-> • X h5M- yjijS 17J& 5) KB*©*- jflWtP->X7\k. 

^o^it0iM©iix h7^7-^ot^-7s (2 8) «rEa*a{^©«a!'>-dr>x©&/^->^ 
rx j e-n(c^<ME^2 7jfic^©r6]€f©?t»:<H©^xh aitett&fflcDx h^-f^©^-^^. 

■7*m^tz>?)i-'7TmMisn<b ctsuttn «m-©7j&^©ipj^©x h y-r ys-srtfk txot i o 

±E(2 2) fcB*©U— #ffl»->X5\k. ©MMrtO'>ft< ifc 1 30^-7"tt«!©^-7-rt 

(2 4) #«,-r^^fBtt^©a®±©'>^< tfe l te**n&ftitt»a:«ft©x h^'f ^&^trcii*» 

^©Hyy^lcEBSnft-y— *-/^->SRJWRS 40 «t-T<5±E (2 7) fcE*©U— «W->XrA„ 
&»fcMEaHfc»»l,T««'\y FSttBrfltSjfc* (2 9) WEU— * • 5 ; 3-^©^3- FfSfc©©^ 

©u— jRW«->X7-AtbT, «eei«w*:±©-9— # ©ram©x ^vnffr-yiz&n&tiimtsnizx F 

TKftD^v Hflr^*»*-rsfc«6©^y H ♦ T-b>^ TSJtE (2 8) KE«©-y— ^M«->X^A„ 

Utt IWt*0^!rKW*»*, ^nSra-Ht (3 0) «fE«*»»©«jB5/-^r>x©#y^->« 

T, B9E1J-— tR • rt$' — >\Zffl-frZ>tiiitZMMQ- , \y F© JQajg l ©|tj#©4o©X h^-f zf(Dif)V-zf. *tllZ 

<a:«*«rtt«m^s»*r*fca6©-9— # . 5*3-^ ^<^2©^©4^xh7^7o^-/ 1 -emc 

t- WEEttHtflsfcHUTWE^yH • 7-fe>7U£# jgg< fg 1 ©ft£© 5 3©X h °7<D>f)V-?. *tUZ 
«tJW*«t3»=fP»*ns«P»7-fe>^>Jt, S&E&M 50 «<»2©fil*©5t)©^h7-f^©^JW-^ XOCft 



ItO^-y H©1§©¥5)'«tO%>/jN^Vi"IS2r^-r^^t&!|# 
(19) «rE-y— # • A'^->*^trtrEEtt««:©-y- 

— at? • h5y^©i|@t4^— ©7*— 9 ' b^vtKDM&K) 

^iK^z.L^mmii-r^±u (is) \zum<r>^- 

iyXfA. 

(2 0) lox««it<H©BISb7c-!)— h^y^^s 

1 ^>x««|gce©-y-— ijf • n> h «r^-r^ ^ t 

fTS±E (18) (CE*©-y— ^telffll->X^rAo 

(21) 1 -d<D*)— J}? • A>R41£— <r>=r— $ - 
^ck9fc«|gj£^d££#@£-r.5J2E (2 0) (CE«© 

(22) flfrE-y— jR • 7*3— ^"tt-y— & • /t^— 

-y— # • /t^->«ME h 9 y ^ ©*S 

t-M^ WEfiSm^N y FjWME h 5 y ^ ©i|b*«|^J^ T 



(34) 
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4#Bflsp8 - 3 0 9 4 2 



&ftmt-r2>±.m (2 8) izumw—x-mm^xT 

A. 

(3 1) WEIHtS«#:±©lt3Xtt1g»fflCDBI«bfc-y- 
n>HS»*T*c:tt»«fr*±E (2 4) \zmm 

<dd— #fWffij->x^A. 

(32) lO©A'>Hl^<D|^Sbfc-y— # • h^y^fcl 
^Dfe©t?SSilt€r#^fr-5±IB (2 4) {Cf3«© 

(33) io©yt>Hrto«nae«HE»±©B»»L,jt-y- 

t*WW.fr2>±m (2 4) {c83«CO-9— ztffflfP^XT- 
A. 

(34) WEIBtt^#±CO 2 ^ CO K => y p ztf • A* 

^S<J{C^-r-5^i> &h5^tt«^>-*-;>X£ 

MSS>—^r>XC0^«^lCD[plfrc0 4OC0^ 27 
^H7-f Zf<Dif)V-Zf. ttl\zm<'m2V>fa%<D4-z> 
om^Xh^-iZfcDifJV-^ ■ZrtUzM<miv>ffi}g(D 
h^-f f(Oif)V-^, -€-niCi^<^2CD(pI 

£©5^©*§ijgx h^-f^co^— Rtf&^l— :/ 
co^fr^c^^^'j- • x^-x&^tfc<h, Rtfffl 

X^-X{C£oT7>88Sn/tK^|S]© 
4 ^Rtf 5 ^)CO->i^P >CO»i^yjl,-^#tj < t 5 \Z 

mw>h'<D^fc\zMVTttmmfcm8}ft&^tsz\t. 
Sr#®fr^.JifS (3 3) KSBitCD-y— ^Six^r 50 
Ao 

(3 5) ffrtaW^^rj— yco^n— K - r-5fc*co#©tt 
^y K?&><i>©{I^£|fcffiU Sg2^3fc@tt£8fo*:Si* 

M&£&m-£;icb£#|g<h-rsJriB (2 4) KiBHSco 
■y--^a»->x^A„ 

(3 6) WiatBte^^ftffB-y— ^ • A*->aifB®£ 

±IB (2 4) ft|B«CO-y— tffWPv-XT-A. 
(3 7) #»^£&Mf31t!«#:©:g|M-t©4>&< tt> 1 40 

• >*m&j5fa\zwffi.z>tz.tb<D'pti< tt> i -3® 

Ui. StfgB^D^y Kfl*t£§tt, ■f-n&^n-HL. 

t, wtB-y— ^ • /t^-xcBi-r^ffldB^o^^ h© 
egsrs-r©g«^*^-r-5fcj&©-y— # • 5^-^ 
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<Mmz'&-3TmV&&W}7±>~7*) £f£lft-r -5 75: &©-»*-- 
^o>hD-7i, wtB-y— # • 

^M#©a^v'-^r>x^^tr-9— # . A^->^e, 

£^tr;i<h. »IBfi^®^ttSj|Bh^>y/7©ii^^ 0 
Tg^WKiitf, MfB&^y F^tMfB h ^ «;/ :7©iH£ 
«t«oT^»j-r-5>^f{cWfBlf-#^D^^ Kff^a 
■ A*-> • Xh7-f^Mf5 

z\t. stfitftsx h^-r 7 r «'>^< t^iMA©isi 
f3Jg 2 ©iSj^csFfrlcfc S&^cfc $ tc-^tr;: 

miex h ^ttffi^ffl©a^Lfc-y-^ , y;p-7 r ^^ 

121*— # • -r3—yiz3:-iT®MBjm-temm7s—^*r 

(3 8) tatB-y— * • n*— >©x h^-r^w-y-yi/^ 
- :/fix h ^ -f :7-©*f MfB2*©#* tefg 1 JJ& 

ft<Dfa$(DX h7^7ltf|62MA©te©Xh7'f 
X*<£^tyit^#afr-2>il3 (3 7) fc§BS6©U— # 
fUffllvX^A,, 

(3 9) Sf(l3-y-— # • A^ — >©M7-f- ^te4>75: 
< -hfc 1 ^©@ft©^©^l->^ 7 )j— . x^— X$ 

"g-trct, R^Easxu— • x^— x©ffriE^^ 

)P~7*rtT^IBffitt©»i^bfc^fflS^©B9fB^^ 
7) (-|3«©-y— #®Jffil>-X7"A„ 

(40) sfttB-y— # • a^— >(£>mny-<— 

^S«fflHfffi£(^-©f»«S:-g-tyiit&#^- < i : -r-5±E (3 
7) t:fB*©-y— #$Jffllv-X^A. 
(4 1) MfBIBt&i&ftU:© i oxttMiroU^Lt-y- 

A->h*£^firr s't^#^<h-r^±t3 (37) izmm 

©•9-— jH®W->Xt^A. 

(42) 10©A>K^©g!ISbfc-y— • br>yPU 
mV>b<D~C&Z>Z\li&Wmf?2>±U (4 1) tCH3«© 

•y— ^wwv-x^a. 

(43) l^©A*>Kft©B¥SL*:-tf— * • b^y? 
1 0©A'> HfCii^^-r^TW^^A^ H©flB 

S;i«IoTlIt5 i5 ICWIB^^© l o©^(c* 
^SffiS©©|^Tab-5A^ — d t -T5 

±IB (4 1) (cfB«©D— ^WW^x^rA. 

(44) Mmm^y : =i—y<Dy : zi—bT?>rctf)<D^mt 
%im%.m&&&z>ftm$cmmztt]&-rz*)— 

»»t*i«-r4i:i:&«*afrs±ffi (37) cib«© 
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(4 5) mmmmmmm-*- # • n^—z^mma 

±fB (3 7) (rS2®w-y— ^MfflivX^A. 
(4 6) ^»-r-SB5Sia«jSE«:©«jjlS{cl?|»LT'\<y H 

iihi o© h 7-7^t-f2gsnfc-y— ^ • /x^— >^ 
JtOMKS^*. Wfa^&^fatctfUTse&^iaj© 

(4 7) K^m^ifij»c»oTttS:<@co^S^«m 
^JBt8iiK#©-y— # • hyy^tc^jMrfc«>©-t)--im 

ftSc®©^^©^©^^©^-*- «y y^^r 

(4 8) f a*nfct-# • h77i'30 2PO^t7 

y:/a*e«3nTv>*n£sw*i-r«-hB (47) t 
ta®©-y— ^a^u/ h% 

(4 9) 

<D4m&mz.z>ziz*<®mtTz±.m (47) (ck®© 

(5 0) 3>K3.-^©Ba*«#««5/X7 i AfcTffiJB 
t"£;fc#©&mEf§&#tC:fc^T-y-- # • A";* — 
D^1ir^fcJ&©m*$:^-r-5D— ^S^^y Hit L 

£#tM)-— tfm&fr'W b\ 
(5 1) fl5I2nT«#ei4X^— y-lcioTig-a-^nfc 

y ^{CMc;T^^r < t^#^t-r-5±f3 (5 0) 
©D— 3p#a*^5; H. 

(52) mmmft&mmmmtwmtsiffi-e&zzLii&ft 
mttz>±m (5D izmmov— #m&3^\ v h. 

(5 3) S5l2^fiJt$it$|5ffittRil«CO®TfeS^i:S: 
#&iTS-kgB (5 1) (C|5«©D— H. 

(5 4) KIB^fiSttnT<0$*^H7i5'1' hTfe-SJli 
*#^tT-5±f3 (5 1) Kfam©-tf— tfSj&^.A^ 
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K. 

(55) frfB#mit>e<— y-tt^^xT^s^t^iif® 

iT-5±iB (5 1) lcE®©-9— #»jA^-a.^ Ko 
(5 6) mrlB^fi£tt7^;i/A^ttN i Fe^Mttrc 
-5 JbgB (5 1) fcSB«CD-y— ^^5, 

H. 

(57) mmfc%m&t>n— -rzwimmmmy* jv/±m 
v>±izmm&m*$tsztz:wm£-?z>±m (sd t 

fcWHDD—rtm&fr^y Ho 
10 (5 8) MfB^Sgte^-^^fr^t^fst-f- 
5 ±13 (5 7) {CfB^CD-y--^^^^ H. 

(59) m?.&mwtm*mm&ttm&-&tsz\i 1 z<ft& 

ttZ±m (5 7) CE«<iDU— tfW&^y H. 
(6 0) *trfBSB8tt*t»«N iFeN/Fe NSUf £^ 
tr if S±B (5 9) fcgB«o-y— 

(6i) wcu— # • /i*->*fem?z>*w7\m 

K$nTV^^t^#afr-&±fB (5 0) fCfB«<Z>-y- 

(6 2) WE**y^aa«tttf»©3feR«jfcilf|5bJ5: 

7 ;p A * V » S &a C £ *4W* i f S JiE 
(6 1) Kfa®©+>-— *«a*^\s; H. 

(6 3) a^;ia^#:±{cif- 3p • /^->&^c$-a- 

Tli9fS«B«JSit$g#:ii(Z> h 5 y \zf&&-£ftftm 
*®^©(f^v—y>X$-g-tTD— aj* • A°y-— >££C 

s^sfe*©****^***** y y©+>— 
30 F&Mxm\zttmvTmftmmm#±\zmj&i&&<Drt* 

wiB«*s^tt-y- 

h5y^©i(i<£fl|^)oTai^WCM^ -9— ^tt 

-f^^g-r^d-i:, R^«ffBXh7i'^«/i>7S:< tfe 
^l*fi^©rB]^&Z/m2^ffir^i©(6j#^ < «5fBmi^ 

^©isj^^ta^ 2 ^&^©(a]# spfr tc-ft e»^ci/j«t 
g. 

(6 4) mif3D--^»jX^.'\y H©^©^-f 7 
&mz 2^ffl^ y ^WSMOlMiaBJEift^iRifc*^** 
'MBH««tt«o** y ^©fltrfB^^[6]ic4o^.5ifa^ 

Js&ft © ifij € tr teM-cnt e, n ^> c: t t r -a ±sb 

(6 3) (CfB«©-y— # • ^->«£&gft. 

(6 5) «Ff3HS:^^>y7 r ©-y— /RSjX^^ Hfot, « 
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^vy^On7 • ¥*-y7&7*Vy>>VX1imm& 

<&mt-r2>±.m (6 3) ice*©-**-— # ■ k?—>w& 
(6 6) m&mmm&i'- f>x<D&mmi*mmx 
ofazwm&mommx v^-i TM-^ntcgK sg2 © 

ftm£tz>±m (6 3) \zmm<oD— ^^->sm 
mm. 

(6 7) W!&mmm&>'—>r>x<D&mM\,tx h^-f y 

&:ft©rn]#©X h 5 -f7£-g-tf ;:<»;» fttf 1 OW^fC 
*3tt-5^< tfe 1 ■D<Dtf)V-7tetiiOy)l~-7\Z-£$i 

ti&x :/©&£«*& -5&©x h^-f 7&-£tsz. 
*t&m.t~?z>±m (6 6) y 

(6 8) iE««S#©«Sy-^>X©#A;5'->M 
^<fS2©|6]#K>4 0©X h ^-f )l— ?\ ^rtliZ 

^<^2 0(rI#(D5 0CDX K7-f 7<D>f)l>~ 

^-^©^^^G^^^'J- • x^-x£-&t?££ 

S»i4TS±E (6 7) fcK*©U— # • 
(6 9) D— 1£ • ntr— >£+>— # • h^y^fcffiftS 

Tjgi^WfcMtX, WBB-y— tfWtWLQ'W H # • h 
7 y * CDig^^rjo T#«i-r ^B#MfB-9— #S£I& D ^ >y 

&^K?)i'--7Rzf*:n\zm*xm2ij{iLft<Dft%\zm 

(70) mtex h r/ttsfi i (DfagtDm&mommx 

^t-rSifB (6 9) KlE«©«ggfaii«t#. 

(71) mmmmyj-^vit'PfcKt*, i^©g&© 
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&&7>J- • X^-XWMta^^(6]{C*5^Sft/j N g tt 

^mt-r5±ia (70) fcia^ossaia 

(72) mmmmm&>'—ir>7,<D&mmtex v^^y 

<b, Sr#^t-r^±E (7 1) (cE«a>tt$nEtttl^ 

(73) tfo&mmm<Dimi'->r>x<D&n9->m 

^<^2K>r6j^(D40©XN9-fycD^-7 r s ^fi\Z 

^<^icD(fij^©5-DCDxh7-f7 r wy;i^— y -entc 

^<g|2©|n]#©5 0©X h7-fy©y;P- ^ 

*&mt-rz>±m (72) icra©ttftiBttftK<*. 

(74) tttan»!7w-^^tttfriB-y— tfmmmm&jn- 
20 ©»«*strc:fcs«*£-r*±B (70) (rta«<D^ 

(7 5) l-PXtt*ft«©»»-r*U— sl« • H9y^*t.__ 

i-r^.±l2 (6 9) £IB*©^BttMtft:. 

(76) lo©rt>Kfi0Bit5D- h^y^tt 

Ri;fc©-c*sc:ifcw*fc-r.5±fB (75) izmm<D 

(77) lOCDA>Hrt©gf^bfc-y— jJ? • N^^ir 

50 %&®^xmm?z£?izmm&mjjmcDi-oo>®\z& 

^ xtes.<D®§6T'& z> n i? - y z\ t t T -5 
±12 (7 5) Ki2«CDi^f21£&#. 

(78) H5fHtBtS^#:±© 2 "^>© h ^ # «-t}-— ^ • ;\* 

M^WtC^-r-S^t. : &h^>y^tt«ISv-—7->XS: 
K^->-^->XO^»!tt^lCD^^0D4^(O^ 
«7h7-f^OW-^ *niC^<^2©|^#0D4O 

5 ^osix h ^-r zfoi{f)v~-f, -entcjs<m2©ifij 
(D'&tztkuzm&yv- ■ x^-xs^treii, Riycw 

B2^ 1 ^<&ft©l6l^R^2^rfir^(7)|Si^«^f2A'> p 

X^-Xt<toT^f8t$nfcK^lfil© 
4 osi; 5 -Dayy^y a ><Dmm>f)V-7^$s& o \z 

T*±E (7 7) £G8<Z)8SUBttlitt. 
(7 9) Wffiffitt«^tt«fte-9— • /t^->*tg2@$ 

±12 (6 9) fCf2«©fi85li21»)«#:„ 

50 (8 0) -y— 3j? • rtir-y&v— ^ • h^>y^(ct2®$ 
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ftTfKD. U— tf&IRO'W K**MfB-9— #-A*^-> 

^ y ^ o^&mw-o x^mt^mmm^—^mm v^y 

k^tt— # • A*-> -xh7-fy 

&*mmm 2 ^AcDiRj^tc^ff tea e^v^ 5 
ftofa&ox h^-i -j&stszt. mm>f)v—-7\t.mm 
(8 1) MtBxh^-f^wy-y^-^axh^-f^o 

i-r-5-kffi (8 0) tc8E«tf>8MnEte«W*:. 
(8 2) ffiTf3l^»l7W-^^«^< tfc lcxDffitt© 

• x^-x©ME£&*ft{c:fctt-5>«/jvgKi 
^ £#&^©ip]#cdx h y^ ^o^-^-c^fBffitt 

mum. 

ss^tr^t&itt^i-r^-hfB (so) iztsmomssm 

(8 4) 1 ^>X««|gc<@©|?5S-r-5-y— # • h?7;?^ 
1 ^XlJStifflU- # • h^yi'- A*> KSr^T-S 
Z\t&&Wi£TZ>±m (8 0) ttfB«©{g^ta«j«#: 0 
(8 5) l^>CDA*>Hl^©|?IST-5-y— # • h7 7i?li 

rai;*>©-eab^^<h&#®i-r^,iiffi (8 4) izmmo 

(86) lO©A*>H^ICD^gbfc-y— # • b^y? 

*««joxa^-r^ct5ictfjfB^m^ipjtr*3tt^> 1 oco 

m \Z & l > T*B 5 (CS^ L &/t *? - > £^tr £ <h £ 
f-5±E (8 4) tCfB«©6S»|B1SjS#:o 

(8 7) locoA>Ktc:fcttSjI#tt. fnfEA*>K^jB 
^7U - • X^-X\Z£^Tftmt<tlfiifcMJjm<D4^> 

®£t-5±e (8 6) Kt3«©smieis*&fc„ 

(8 8) WfBfB1tSSft:ttBtrfB-y— # • A^->#E®£ 
tlfcBMiS *»o fc^- ZZ\t ^MttS 

±e (8 6) «cia«cDiK^;tBit^. 

(8 9) *-MJyy • ^i-f >^-X 
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r-ytmmitii. mmmmmmt. ^-$> - 

h ? y 9 izmmisfc-y— # • h^-y^t;:-!}— • A^- 
^ESSn^H^WU B5iB-y— # • /t^-»;i 
tTfftt^D- tfW&V^y ^IZH^TV—^mWlK) 

^y vmnz&Sit'^zz.t, wtB-b— * • A^->a 

10 IB-y— 0 'X-y Kj&*-y-— # ■ h y y?<Dm*:ffi.ty-o 
EX h7l7-n&ts.<tL*>mij5$Lft<Dfa%-&.tf?&2Jj 

&A<Dmg&. WE^i^fe^oiPi#*tS5fB^2^fi:^ 

ym-D tc if)v-ygat*n\zm^T'm 2 ij&M<Dftz\z 

z\t. ZteWLftZ^—y-fj—hVyiJ. 

20 (90) s«ihx h ^-f 1 <D\pi%<Dmkmv>mm.y<. 

U— # • 7"n-y\zk^Tikmnimts:MM7*-^*lZ 

±-oTftmanz>z\}i*i&mfTz>±.m (8 9) tcta« 

(9 1) ftfitailSa;^— ^-^tt^< ,tt> lcxJDffiS© 

m#7.u- • x^-x©taia^^(fij^*3tj-^g,hs« 

30 cD»^bfc31SfflSK©MrfB^*(Sitc*3^2,g^SS 

a^-^cit. <£#®t-r^±ia (90) \zmm<DT— 7° 
02) mmmmm^>-^->7,<D^/^^-ymm^7. 

h^-i7'(DmScm<OifJl—7'^tSZ\t, &7')V—7'\% 

omm\zjstfz>'j>fc< t 1 

S-^tr^t. &#®fr^±E (9 1) (cIB®0Dt=— X" 

^ (9 3) mmMj&m&<Dmm>— f>x<D&n?-ym 

iHUl ©|6]^©4OC0X h-^-f 7'(D7')V— 7~. -ftll: 
^<^2CD|pJ^C0 4-3©X 7". ^tHZ 

m<mi(D^<D5-D(DXb7^7'(D7)l'—7'. ^tllZ 
^<^2(D|6]$C0 5-3©X Y : y-17'(D{f)V— 7~, Rtf& 
7~)l-7"<Dmz±uz>m&7 >J- • x^-x£Hrtrc£ 
SMtt^lE (9 2) (CfB%©'7 : " — ~f ' f} — h U y 

(94) 10X«I©BSit5-y-3(?. h 7 .^*J 
50 Z.iz%!ftm£-t2>±¥Z (8 9) {CfB^O^— ^ • t>- h 
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(9 5) 1 ^OA*>Fft©gS8rr-5-tf-- • h?yt?\3. 

mc^o-e&zz.tiz&wit-rztiii 04) 

(96) i-20>n*>Frtal*tti,fe'!)— # • h^y? 
tt, l o©A> H tt^£T^T©jS£#tgA> K©® 

tast5J:5 \zmmm.wsm<r> i ^©isc** 
±e (9 4) izmm<Dwmmmmft. 

(97) trjfEiBtg:**<fc _k© 2-Z><DY=7vi; \tft— # • A 
> F£. M8B^^(o](c*ittS^A*> K©«N>J;:gILT 

Hi. Sh7^^ttISy- ir>X£ 
&«ST>-^>X©Ji3J8tt:Jgl©|6]^©4r>©ig 
I^h^^C^h-^, "?-n^<B2W[aJ#©4 0 

©f§»gx h^-r y<Difjv— ^ntcusKusi©^© 

€?©5 0©«g^X b^-l":/©^— :A RZf^ifA—Zf 
C* 1 ^A©lRl^R^2^&^OT|B]^tt«rfBA*> H 
4 5 -D(D->^a ><Dmffi!/)l'--7&StS&5\Z 

BtrlBA*> H<D4>^(c»oT^S;e<)T?ab-5Ci, 

f -5-tiB (96) {Cf2«(05=— ^ • h U >y 
(9 8) U— *«Bl0^y HfcMUT»IW*«fK:iiME 

$-&^>fc«6©-y— # • a^— >&-y— # • b^ypizm 

*Sn&f-^ • h U v yl:LT, tufB-t)— # • A 

^->tt^*M^©a^->->5r>x^trri, Miaa 

SCjgfmMSBU— jH- F7-y?©i|S£«iJ!JoT*g^fc 
MIX, WfBlJ— # • h^-/^0Di)i 

-Sri, SSfBX F5"f it>Sgl*&^©[B]# 

t> WIB-y-y^^-T'CDS-^tt^ScD^&^lCOfpJ^CD 

(9 9) SUfBX h5r-1-7<DV--7if)l<—-7\$X h^-i^O) 
W^*, SaBB^«^>ertt^l^fi:^©[Sj^©X N^-f 
y&Zff& 2 ^ftCDlp]#©X h 7-f Z. i 

i-r^±ffi (9 8) \zmm<D7—-7't]-Y-i)y*;. 

(10 0) WfBR«9^^-?^t±/i>^:<ifci^©ffitt 
©>I©©fc^iIf£:7>J- • X^-Xfc^tJJli, RZfftl 

mm&yv- ■ x^-xcDWiB^ift^iPifc^ttsg/hs 

tem L^&£l©rp|#©x h 7-f Zf(D{f)V— ^"rtTWIBffi 
tt©il^bfeM#fflSra<DWfB^^|fij{C*ttSS^S 
Si^^t, Sr#^i-r^-hf3 (9 8) Kiam©^- 
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(10 1) Wtaraffl7-i'-5 1 ^«-9— zHMffllff^^© 
mm&StS 2, ±.fg, ( 98) (ctBffi©^- 

(10 2) l-3Xtt*ftH©»Srt**-9-- * • h5>^ 

a* i oxttigis®©-*)— # • h 7 s; * ■ a> k *mm~? 
2>z\t&&mt-tz>±m (9 8) tciB®©5=— y • 

(103) io©A>h*rt©Bts-r^-y— aj? • y=7v>? 

10 «^Ufe©T*^Hi^®<ht-S±IB (1 0 2) tciB 

(104) lO©A>Kf^©g|gb7t-y-v-# • h7^ 
1 ^©A'> HfCfetj-^-r^T©M^tgA*> H©ig 

*W»oT»«T*«t5KjlWE«ifcSnAifc*»j-* 1 ^© 
*t*t»Tffiafc*<Hix&/'«^>->s^trciiS»«i 

-rs-hiB (102) cub©©^- y .*-MJy j?. 

(10 5) lO©A>KfcfeJtsa»tt, WffiA>H*« 
^'J-« X^-X{C«fcoT»g|$nfcM^fSl©4 

20 ffiA>H©«p^»C»cfc«lfcliUTM«;«)T*SHiS: 
&»fr*±§B (104) fCffi«©-=r— £ — hij . y 

(10 6) 4>&< i*> lO©*— # - h^-y^Ji(C-9-— 
«6©KKl#g:i, iitrfB8m-\>.y K - Tir>^'JtiS(rlBa 

mmztcMzRztn—tfm&K)^? h*«^^^-r-5fc 

«6(CWtB^i!i-r^a^fBia:«K#:©^ffifc+?i-tciaftbT 

T^— ^ SrR^ D R^^tTfcfe©^^ < i % 1 ^©x 
. ^.y h*R^flfi|B^iE«j«#:© h ^ y ^ ±©17— 

m t *mM.z>tz.tb<D'pi2.< it> i -zxD+y-tfmwr)^ 
v h *^tj tit, mmmfmfcmfc<Diim<D'P-?3. < t 

1 O© h5-y/7|rfB&$nfcmllB-l7— ^ • A^->£ 

fc* \z ffinmm-rzmmmmfrnmw izmm v 

TW8B«^?/ h* • Z-fe>^'JSrfiB^.2>fci56©-y— 

«\ -ensr^n- h bTirtB-y— * • a^-mcwt* 
fis^,iBit \z m v T&g^t^, «t o \zvmt % r 

MgBftgm#(CfcTmHB^7-fe>^U 

^^i&^-ia-^-y— ^ • n>hD-^<t, wtB-y- 
• 5 i n-y«fiS*^©^i.-y>x^^ty-9— 

^3-K-r-5»fcs5©#©^trtt. MfBm*2i^«Ht( 

!Bh7<y^©«iSrffi^joTa^w{c®cx. tsme&sssw 
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tn\zm< wimm 2 x&ftofagiDm&mommx t 

(107) m-v>fa%<Dmmxh7-(7<Dtf)v-7tem 

\Z&-oTftmi*1nZ>Z.ZL*:<&WiLTZ>±M (10 6) \z 

(108) mmm7j-3 L *\t&te<ii<bi^>(Dm& 

• X^-X»W«B£&;frftt;:;fctt£g/Jv6 

&<omMVfrm&mKmvmz&&ijfa\z&vz>mj:m 

SS^rt. £#g*£:-r-£>Jif3 (10 7) {C|B«GD^ 

(i o 9) mzmmm&>'-'!r>xe>&rt?->mm\t 20 
7.h^^-f<Dmscmo)if)v-^stsz\ii. &>f)v—zf 

T'^tTdt. £#®iT-5±iB (108) {C|H«©x 

(110) tatB-y— # • ^n— y\ti-D<D/^— >mm 

■T-SdtlC.fcoT^B'J-r-i.diSr^fr-SifB (1 0 50 

9) ciaecD^-^fBtt^x^Ao 

(111) MmmMm&e>mmi'-tr>x<D&rt?-> 

\zm<^2<D^\^(DA'D<D7,h ; 7^'y<DCf)V—-^. ^tti 
\Zf&< & 1 5 ^><DZb 7-1 Z^Oi/fr— 7. -f-ft 

IC^<^2«)l6]^©5r?CDX h^-f 7<Dif)V— 7. RX* 
&?)l<--7<Dmz&.VZ>T&&7i)-- X^-X&^tSZ. 
t^^fr-5±S5 (10 9) tCEBew^-^tBI&v'X 
T^A. 

(112) WIB^^^-^^ttWfB-y— /PWfflUf^JK 40 
^Olt^*-&tTvli:^#mt-r-5±tB (10 9) lifB« 
©x-^IBtSv-X^A. 

(113) 1 ^Xttttft«©0*«-r*1*- # • h7-^ 

2>Z. L&ftWiii-? -5±fB (10 6) tCfB^OT 1 — ^SBIt 
->X^-A„ 

(114) 100A>Hrt<DB?S-r-5-y— # • Y=7V9 

izmch<»-?$>2>z.£% : ®miz?z>±.m (1 1 3) izm 

(115) IO <Z> A* > H ft<D|?m^ft>i*«de8 by IScBHmje Mi6d, 
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-T£±K (113) KfSmo^-^fBlgv-X^A. 

(116) wiaettj*ft:±©2o©h7y^dt-y-— 

x$imm\zMi&-r<bz.ii, sh? y ?\tmm>—5->x 

umxh^-iyonfA-y. j tn\zm<m2<Dfat<D4 
zzxDmmx h^^7<D7)v-7. -ttuoBKauoflis 

©5 0©S®Xh7-Y/0^-^, J E-niCigg<^2<D 
fagOS-DWmteT, h^-f 7<D7)l>— 7, RZf&7)l<— 

-7v>mz$iVz>w&7V— • x^— x^tr^t. 
M^l 1 &tffg2;£&A©ft€?«:t(rf3A*> H*iM^7U 
— • X^-X}C«toT7>m$tl/tK*|-*(6]K>4^Rat5 

-5JLIB (115) fCfB^7 ; -^taig->X^A. 

(117) ffirfBM^n-^i^l^Stt^^ofc^ 

L. ^2J8*@es^fofciS^^S:*«-r5.dtSr# 
^t-r^±IB (10 6) fCffi«©^-^|B«->X^Ao 

(118) MfBIB«j«#:±{tg9f3-y— t}? • A*->£# 

iitjfciftcD^a^^dt^^t-r^ifa (106) 

{ClB«©^-^fB«v-X^A. 

(119) 'P1s.< <ht) 1 # • h ^yJ'iCIH 

^fB««Eft:©^ffilcf3^$nfcmHB-y— ^ • f\9 — ><£ 

#»-r^Jli:, RC/SJiBfi8»ffitt^»h^>y/rlc*5^ 
"^t 9 &ffim D R^j^tJfcs?)©^^: < t 1 "^©^ 
— ^ • H&^WtBm^iB1t«#:CD h^^^±©-y— 

10COh5>7^fCf3&$tlfc*JfB-t)— # • Mr— 
M9t «6 C WiB^id-r ^ SB j!*f ettttt#<03KM (c b 
TMI358aA..y H • 7-fe>^'J$&B^j--5fc*©-y-— 
#^IWl->X^At, MI3U— #iS0^5' h*fi-*§-£§ 
W, ^n^T'n-HLTSfftB-y— :}? • /t^->i;Mt?> 

S-y— ^ • fn-^i. irfB'xy H • T-fe>^'J^S5t3 

«sgLi3it!Kft:tcM bxete^-s <fc 5 \Z<fem$ %W&7 

-fe^^'Jt, H5fB&g«^f-t¥oTSfrfB^7-fe>^U 

^rf^id^-ar-sij— • 3>hD-7t, wtB-y- 

• 5rr3-^ttm*^W^->-^>XSr^tr-y— 
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• 7. h7-f ^SrJgfigT^eit. MEX h^-fT^fcX 
i cd |Sj ^ atjtftfBfl 2 ^fi ^ © ft £ tc¥fr tc & s & 

(12 0) d>&< 1 0©-y— • h^^i7±JC-y— 

t(> \z m&&mr 2>mm.m&mft<Dmm tc+7> tcisa l t 

T7 — ?&Wi%lK)%.Zfm&tsrzlt><D'J>f3i< ife 1 o©^ 

• s\y vx.zfmzmm.mw.mfroy h5y?±<DD— 

zF1fS8£^£>;fcs6©4>;ft< tfc 1 -pco-S— tfWffi.*)-^ 

t> 1 ^© h 7 s» * kg« sn&ias2u— # • a-*->£ 

TWiftmm.'Sy K • 7ir>:7*U£&g^tt3;fcii6G!)-iJ-- 

# • 7*3— ^t, WSB'Ny H • 7iz>7V*mZ 
£f£®)$-ti:£-y— ztf • n>ho— 5t, SJIB-y- 

• 7=1 -y\t. mm&m#-±.\zmmtstitcffi%.<D 

Z.kvfcftsmmfcKl^y Kfi^©/^ — >§8&\Z£.-?T 

(121) ssta-y— • ^n— ^©x^-^a-r-sfc 

v— ^>X«fc 0 ztf • A^ — >Sr^m-r-5dt, 

£ i; s m» ©& £ * <y > h -r s c t Kixirtas^cosc t 

C£K<fcoT. WIB-y— ztf • 73-^|;ioT*0>h 

$n^ii#co»75SHaiB^©-y— # . 
M&<Dmzmv<te^®-£. StrfB-y— 5}^ • ^n-y*ix 

*1&WL}itZ>±m (12 0) fciB®©^-^ 
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fBltv-X^Zx. 

(12 2) ttlEU— # • ^a-^cox^-^tB-rs/c 

<h. MSfiS*^^«tafBh7^^cr)iti*SI^JoTSi^W 
KMtf. tatBfi$^,'\ y YiflY^ytf ©>le£«tgjo T^Ki 

• • x h 7 -f i. MfBx 

h7-f^tt^< £&Sgi;5&^©ftjS^tfSg2#&ft 

JO CO(6]#^ WI3^1*e^|CO(6]^^|E^2^fi[^CO(Sl 
&iZ¥mzfrt>te\,H.5\Z'£tSZ\}i. RtfMfBX h^-f 

o fc ^R^ntCiK< ^ 2 Jj&fi CO(S)$ fctt§C 

t. S#ittl,±E (12 1) t;:fB«CD5r-*sB«>' 

(123) WtB-y— * • W->©[il7^-fta'> 

^■g-trc: t, &tf MiSjl&:7 u — • x^— xcdiW!B&& 

39 7J|o|(Cfett^S/hg«|^i;^^|©|6]^COX f-7-f X"co 

j3ft\z&iiz>m±&$ : m7LZ>z\i: > &'&mtTz>±m 

(12 2) irtB^ro^-^IEfit^X^A. 

(12 4) ffrfB-y— • 7^3— ycox^ — ^ttjf-Sfc 

t, MSffis^a^ttaJtBh^^^coii^^-QTai^w 

(CSV, SJIBfiS^'N y KTjtMiB N?^^ ©i|i$r^^jo X 
^Kcrs^ftmiiB-y— zK^O'N-y H«^«»»(tr*J; 
30 5 3ttU— zK • A'^-> • x h^-f ^Sit^tSt 
t, H&fBX h7< ^«^< tfe^l^F^cOffij^ROt 
JB2*ftft©|Si#?&. Mtam#&AcD|nJ^ii*iBJfl2 

tax h ^-f yfiig&fflwjg^bfc-y-^^— -7&<stsif 
■y— zk • y*3-y\z£-oT&m-i>imti.mm7 s -^*iz 

ioTMStl^^i. ^#^ct-r^±IB (12 1) tc 
IB«©x-^fatS->X7"A. 

( 1 2 5) sata-y-— # • a^— ><DmMyj—?-A>\$'j> 

& < t 1 ^©ffittCDil^CD&^M^ u — . x^<— x 
Sr-g-tTCt. Rt^MfBM^7U— • X-^— X©i!9fa^& 
*(Rlfc*^^g/hg«|ii;7jfi:^©(Rj#cox h ^© 

(12 4) {CfB«fe©^-^IBtS->X7"A„ 

(126) wia-y— zp • ^zi—pcD&mmmi—i&om 
50 Btriax7-^©Mtc^i;fe i mutmwtmv&wm^ 
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£-r*±ia (120) jcfamo^-^iatg^x^A. 
(i2 7> miw&ztiz>mz^5>— vmtim-znzffi 

mn<Dm-?$>zzt%<&WL£-?z±m (126) \zmm 

©5*— ^IBtt^X^A. 

(128) Mte-y— #$dffli->x^Att. t5i3taisiK#:± 

©3E&5D— # • ifttBM&S-y-tf 

ft© 1 oXttlgSOroH^^KStO^-y Ft, taKMte 
SR«tDA. y Hm-^&Stt. -tn^Sr^n— FlxTWE 

■y— # • /^->jcw-r^Wf2s^s^0A..y k©& 

B£«-rH&5tiB«^£f8£-r-5 1 OXtelggflgCDS 
^^.-y— ^ • ^n-^i. WIB-y— #fW3D->7. 

■2tltc®.'Vh-3Tm&TZ>Z\ii&<&®.ii-?2,±:m (12 
7) (CiHig^-^fSitvX^Ao 
(12 9) < £ 1> l # • h^y^-Lfc-tf— 

ft \z mm&mTzmn.mmmfrc>mm\z+ft\ziB;m lt 

W^ut. &tfMfB^WB18&#:©F5y^t;:*;^ 
T5 1 — ^£^DRtf#&:tJ&ft©*l>&< t% 1 -^©^ 
—9 - *s.y FR^WSBfiSmiBttjftffOF^^^JiODiJ— 
#tit?8 : &^t5fcft©4>&< th 
y F £^tr f5fE58flfB1t8£#:©3lM©4>fc < t 
<fe 1 :?© h 7 y 9 icefcSftfcSMBU— # • 

5 fc 26 (C »ftf B^UrT 5 m»IBtS«K^<D*ffi |cR& L 
TWfBm^'\-y F • T-fe>^US:fi:g-^H--5fe«6©-y-— 

tfMffl^x'r-At. mm-v— ^kida^ Fft^g 

It, •^n&^n-FLTWSB-y-^ • A^->fcH-r-5 
WI3+I— tfggEtD'N'y FW^SSrSTttMm-^^^-r 
^ • =fz\—?h. m&^v F • T-b>^'J fciitrfB 
fi&SlfBttiSMfctBI L Tffifi^tt & «fc 3 {'f^EIrr •£ 
-fe>^Ut, *&IBfi:Bm^tc«eoTWi3^7-fe>^'J 
£f£l&$1£Sy--# • =i>Fn-^<h, MfB-y 

• 5*3— ^aa*a«Ko«8ii->- ^>xsr^-tjy— 

# • A^ — ^e^Cfc^BlO^y Fm-^4-5 ; n— FT 
*fcft©^g:£^tr;r£:, B5IBfiS*jg^ttfflrfBF9y^ 

(D^mw-oxmmmizmzs, ng8k^9 f^f^* 
ft^ta t ^fb-r£«fc5;'£-y-— # • a^— > -xh^-f^ 

©ft£RtfSg2#&£©|B|t*2\ memi^&^©(pj^ 
a*Wf33l 2 ;5&:$©ft#K¥m;:&6fcV>J; 5 tC-^tf £ 
<h, RtXWIB-y-* • 5 f n-^tti(SB-y— # • A^-> 
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(13 0) f3f31f-# • ^-^©^-FT^cft© 

^sttwiam i ^&M<Dit>\%<D7. b 7-i 7& <=> mmrn 2 

©b^ush >9->wm*m cipj#© 2 r>©x h ^ 
sra©^fK-r >*-/w©it»ct£oT&fi{§*t£fg;£-r 

ifl S^tS:#Sit-rS±fB (12 9) {CfB«©5 J -^fB^ 
(13 1) B&fB-y— # • 5*n— ^©^a — F-T-Sfcft© 

M^^^-r^^t^at-r^itB (129) ten 

(13 2) 'j>is.< tfe lt3©-y— 3J5 • F^y^±fc-y-— 
# • ^^->^fB^3nfc^aiB1t^#:t» MfBamSB 

20 ibomm^mt, mmmn^y f • 7^>^^j\mmm 

«8Etft«K#:©^MfXfB@SnfcS&l3-y— # • A'^->^ 
ISlRSfcftKRtf-y-- ^KlkD^^ Ffll^SKafe-r-Sfc 

ft t mm&m-r z> m%mfem&<»%Lw \z-\-mzm.miyX 
^itsrt, msmmm%fc'&m&v>Y7v>7\zi$^ 

—9 • \ t Bt.&ffimmmzmm&cD f^ -^^±©-y— 

#1fffi£f£lR-5;tft©4>&:< tfe 1 ^©-y--^^o^\ 

f zpts ztt. mtmLmMm.m®-v>wm<D'pt£ < <t 
50 n&ztcmzffijB&m?zm§s.&i&mit<D&m\zm&v 

TmrfBfiSa'\>y F • 7-fe>^U Srficfi^t^fcftW-y— 
tt, J enS:5 ; 3-FLTWfBy— jR • /^->|;itl, 

MSB-y— ^KBtD^y F©fefi$^-r&fiffi-^^sfe-r 

2>y—^ • fn-yt. iiffB^^ F • T-k>^U*MI3 
a^iE1g«|#: b Ttefi^J^^ Jc o \Z<feWt%m&T 
•b>^'Jt, BtrfBfirB«^{c^oTmrf3^m7-fe>^ , 'J 
£f£»£l±$y— 3^ • n>Fa— 5t, fttrfBfiS 
X^?H ' 7t>^'JB^< tfe 1 OOf-^i«0 
*7 F&-&2K ^^(6]{'5^bTSit^|6]©^\-y F© 

-+»*«tL-T3fe«Ufc»&, WfB-y- ^agtD'Vy F 
HSfcSEl^— ^SSBlD^y F©<S©^4)-«fcl9/jNS 

(13 3) KfB-y--^ • >£-g-4rffiiB-y— # • F 

t^#®t-r^>±13 (13 2) {CiB«©5*-^f3ti->X 
5-Ao 

(1 3 4) *((83f3tg^±© 1 ■3X«*gcf@©KST^. 
■y— F5-y^*UoXttSI§:<@©-y— 7p • A>F£ 

50 ^-r^>rt>£#®a:-r^±fB (132) tctB®©^- 
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^ett^X^A. 
(13 5) 1 -ZXDD— j|? • A*> KttJ£— <D=r—9 • h ^ 
^^.kDfeitiiSv^ts^t-r^iE (13 4) ice 

(13 6) IrfB-y— • ^n—^co^n- H-r-Sfci60D 

tf. Stream >y K TjsfufB h =y y i; v>m £#t$J T&Wi 

£X h :/«4>& < t 1 7J<££©|*l#RtfJg 2 * 
&#<E>|Bji*£. lM3Jgl;£&^Wfa£at|itrESg27j{W| 

±ib (132) tce^ro^-^tettv'X^A. 
(13 7) ii(iiE^-*-;^->.xh7'fyttSiJ 

G (13 6) fCffi*©^-^eit->X?Ao 
(13 8) ^^[&JtC^oTtam!«#:±CDh^-/^tce 

< £ t>m 1 Tj&ftOlRjfTRtfSg 2 Jj&fiO 
ft;§f£\ WeSll^r&AcDlp]^^tJi3m2*fi:A©|p]^ 

ts fmstn\zm < ?g 2 tj&ft vfaznmimv 

S^-v s^ro-tf— ##ii*'sy FKIILTiiMB^&Tjft 
{cSafB^e«^{*:^l&$-a:5X^-y^(CLT. WtB 
•y— y H tt*9IB|g^|Slfc«tWbfc U -5^ 

fetu ^*«r^*-r^fc»{cR^ttre^i^^»ip] 

itcD4>&< tfc l-Dcoij— # . /l^->&iycfaem2^ 
{£A0Dfa#<D4>£:< £t> i -^co-y— ip • >£-y-— 

tot, saiBasc^-v y^rot- ^a*-^^ HtBf^ 
©ffittsr^-r^g»LfemM/^;ux©^u-^$^-r 

)V— •7v>m&.<nnWLn)\s^\zhv— 
fc«t^TtB®sn^x h 7-i •7&m?)i'—7<Dm 1 mm 
/^xticu-f^ ^^y^oTesi^n^x 

h7< X"«i hi— »J>^ • ^^^ytCctoTffiS^nfe 
£ D» tfJlBilM&^RIH ;Vl\$.n)V7,<D*f)V— ZflZ 
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»fB1Si*#»cf3&3ft;tX h^-T^MIB-y-— # • /t^ 

— > * t?t5emsg/t )vt. <d y&mife-rz x 

_( 1 3 9) mm&&jjfaizft-orc.mmmmfr±e>x h 
5-f ^een, *aegt«i$-&sx^u/y'f «, 8tre^ 

ti. WIBS^L-fc*dg/t;t^Xi£— 5tC0^-f 5 >^ • -f > 

t-r^±fB (13 8) \zmm<D-j5m. 
(140) tfie^^fRj{c»ofcMfaeigjK^±cox h 
iwef^s-tt-sx^ytm. wtaets 

®ft:«^^K«WCSl5e-r-5 e t \z J:oT»sn, 
-5 * fc*5f3jiScDS!l)e^ & # 6 tlfcSatBS^ LfcSSS 

a? ®t-rs±tB (13 8) izmm<Djj&. 

(14 1) HtrlBft^f^XT-yT'tt, ffi«0 2^0U— 
ft/MfflPB*^lcC0 2 ip • — > • X h ^ 

• ^-^©I#7U-- X^— ~>>y • ~iy$-K 

^&^SX^yy*^tf^tS«F«fr-5±e (1 3 
50 8) KfB«©2;ffi„ 

(14 2) «flB«Sit/i;i/XCD^;i,-^ftil&-r'5X7 : --y 
e^^nfcil#©«Sv-^r>XCD#/^->M 

»^x h •7<DmwLmv>!f)\,--7*-§ts ct: 5 

Sr#®fr«.±l3 (14 1) (ceScCO^fc 

(143) m%&nm/v],7.<D{f)i,-7&m%i-rz,XTy 

40 ^tt, fB®$tlfcM#««^->-^r>X(D&/^->^ 
1 ^^©(01^(7)4 0©X h5-f ytO^— ^. 

—zf. -entcgg<sii^^cDfS]^rco 5ocox h^-r^ 

CO{f)V—Zf. -etl(Ci^<^2^fir^©|oJ^0D5^CDXh 

±U5I#7 I J - • X^s— • -f 
J:'5tCKtt$n^ilt<&#^ ( fr-5±t3 (14 2) (cfB 

(14 4) ^^^(R]{C»oTfait^±<D h77f ICIB 

50 ®$nfc«8*^©fflg^-y>xs-^ty-y— • /t^ 
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tf. -y— # • - x H7-f :/fc#j*u iftiBxh 

|p]t!f£, MBS® l^fiftcoifij ^8912^2^^ ©Ip] # 
IC¥ffKfte>fcV>J;5l;:-£#., fKffBXh^:7*«l!9fBSI 
1 *ft#©ft#©ffiifce©[8P.ab;fcgjggX h :7*£^ 

fBX h ^^^©SiKLfclr^^-:/*^^ 

m v Tttrsa^ss^iB) fc wfafimtatssw* -a-* x 
zrctbizRzffoimm i#<£A©rRj£©4»s:< 

t 1 ^©-tf— Jp • /t^-^&tf flflfBSg 2 

©d>&< t =t> i -^©-y— # • n$— >&mmv— # • h 
5 y ^ iclB^T Sfc*{c«^;i-7; © 
t . Iftf2}££^ y ^©U— *#^^\ v F Icf?r5£©ffi 

>*-/vv\z& ■oxmmmizmmz^m^n, i o©^ 
;p-^rt©ssbfemtSt/t;i/x©^-f 5 >^«r^;i,- 

fw± otes^iafex h 5? -r y*^^-yt*5^st3© 
«^/t;ux©^© u -7V • ^-v y o tib& 

7 p ©«a©mss/^;i/x4'icWiau— ^ >^ • Xwzf 

tC«fccTtB®$tlfeX h5f ^t^©y;P— T'©® 1 
©SSS/'UWX «t"»Cfl9fB F I- — U >^ • ^-v ■y~7\z£i-o~C 

mmantcx h7^f£<Dffi<Dmm$m-)s$\\zm^tc.m. 
-i7<D±y h\z&\-fz>mmvrcx v-^-i 7©ffit©*f© 

(14 5) WfB^«i^|6)lri&oitWfBIB«^±©X F 

* f&i tcm^©3SffiTtfriBa^iBit^#: £s« w \z&m s 

«. ffieSSLfc«df£/WX&— 3t©^"T5>^ • -f> 
* - /WTftflft-T 5 c £ (c«t -p T$W $ n-5 £ t 

t-r^±ta (144) (ctB«©^. 
t&fro&m&fcm.wzMfe-rz z. t \z ±o T$iji?$n, 
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m<h-r-5±tB (14 4) izmm^mo 

[0 10 4] 

[^©s&«] *%^^js-r^.£<hfccfco-c, -y— # 

• H»C*3tt^®«S:^aJ^(c s k^&g«^X7-© 

±#$*^>$-a-, &mm^^-^^zimm^miz 
v tcmmz&mw ©fcje>©-y— ->x ? ^ ti 

[0M©(ffi¥^ltt^] 

IS^BRtXMa©^— y • h U y ^©a^^Tife 
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